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HE CarTicai Review for November, 1756, 

gave the following account of the Firſt Editicn of 
this work, via. Upon the whole, we think, that the 
authors quoted in this work, are well choſen; the practical 
rules inſerted are clearly delivered, and the obſervations and 
examples annexed to them zre pertinent and familiar. The 
deſign is certainly laudable, being intended, at this critical 
conjunctute, not only to excite in the public a deſire of at- 
ta ning ſome knowledge in this neceſſzry ſcience, but alſo to 
aſſiſt them therein, at an caſy expence.” 


THE 


PRE F A c E. 


GREAT part of the enſuing treatiſe was fome years 
ago drawn up for my own uſe, in teaching ſome young 
nuemen, who had not a conveniency or opporutnity to 
| Huge into different authors that have treated on this ſubject: 
the particulars of the iollowing ſheets are as follow; 

I. Decimal Arithmetic, Extraction of the Square and Cube 
Roots, being neceſſary to all thoſe who are inclined to pro- 
ceed larly in attaining this uſeful branch of knowledge. 

I. Menſuration of Planes and Solids, and tne method of 
computing the ſtrength of timber joiſts, whether oak, elm, 
beech, or fir; and it muſt be here ſuppoird that the timber 
is and of the ſame goodneſs as thoſe pieces 
Mr. Emerſon made his experiments with, or elſe a proper al- 
lowance muſt be made for the defect. 

III. The uſual rules for finding the Tight and Diameter 

Bullets, whether Lead or Iron; the requiſite charges of po- 

r for any piece of aii:!lery of any given dimenſious, and 
for eſtimating the quantity of powder for bomb ſhells. 

IV. The neceſſary Problems and Theorems in the Elements of 

» demonſtrated in a very eaſy and fort way, as may 
be comprehended by any perſon, without the help of a 
maſter. 

V. Logarithmical Arubmetic, ſhewing the nature and uſe of 
Logarithms ; with Plane Trigonometry ſolved in all caſes, il- 
- Juſtrated with proper -xamples ; the uſefulnc'!s whereof is fo 
great in all parts of the mathematics, that the moſt impor- 
tant and uſeful parts of knowledge would be quite loft, if 
men were deſtitute of it; for the engineer would make but a 
deſpicable figure when he came to take the mraſures of 

and diftances, whether acceſſible or inaccefvle, or 
fer laving down plans of fortification on the ground, com- 
y the capitals, ; flanks, faces, lincs of detence, 
ee. if he was i rigonometry. 
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VI. The reader will find ſeveral examples for meaſuring 
_— and diſlances, and at one ftation, all done by Plaue 


rigoncmetr). 

VII. The Theory of Practical Gunnery, wherein the doc- 
trine of prejectiles is illuſtrated in a multitude of the moſt 
uſefu] problems that can occur, with numeral examples to 
each; and to make it mere plain and uſeful to perſons of 
but an ordinary capacity, | have given the rules to every pro- 
blem in words at length, whether the projections be hori- 
zontal, or thoſe made on aſcending or deſcending planes; 
all which are deſigned more for thoſe perſons who have not 
ſcill and abilitics in the mathematics, than for thoſe who are 
furniſhed with mathematical knowledge ſufficient to under- 
ſtand the learned traQs on this ſubject, and made farther ad- 
vances in the elements of the higher geometry. Yet, 
VIII. For the fake of my more ingenious readers, I have 
added what the celebrated Mr. Cates has wrote on projeQtiles, 
done into Engliſh from his Farmenia Menſurarum, where they 
which will find this ſubject elegantiy handled by this author; to 
whcih I have annexed two general ſchalia on projectiles, of the 
learned mathematician Mr. Emes ſan, taken from his Mecha- 
nics with his own conſent, and iiluftrated them with exam- 
ples. I tock this method, becauſe many of the problems in 
gunnery were wrote before his Principles of Mechanics were 
publiſhed, and by thei two ſcholia the ſolution of every pro- 
blem was tried, znd the anſwers very exactly agreed; fo 
that I am in no concern what ſome perivns may ſay of this 
performance. | 

IX. The next part treats of experiments ranged into ta- 

les; theſe experiments were made with cannon and mor- 
tars, and calculations were made thereon from the principles 
of the immortal Sit I/aac Newton, by D. Bernoulli and MA. 
Gunther : this memoir, quoted by Mr. Robins in his New 
Principles of Gunzery,, is printed in Latin; a particular ac- 
count of which is inſerted at the concluſion of this work. 

X. Having a little ſpare room, I have given a fluxionary 
ſolution to a difficult problem, for finding the velocity of a 
bullet ſhot from any piece of artillery ; though this is of no 
material uſe in practical gunnery, yet it perhaps may pleaſe 
ſome of my readers, as the concluſion comes out ſo ſimple. 


XI. I have alio inferied the neceſſary tables of gun- 
nery, &c. | 


What is ſaid of the flight of bombs in the following ſheets, 
is equally applicable to can non balls; the method for direct- 
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in cannors, and placing them at any elevation, is by means 
of proper inſtruments for that purpeſe. And here I would 
not be underſtood to mean, that experience does always ex- 
actly agree with the rules given for throwing bombs to hit 
an object, for there often happens many unavoidable acci- 
dents which will cauſe ſome dĩerence; and yet theſe rules 
are not for that reaſon to be careleſly attended to, for they 
furniſh the gunner with the readieſt and ſhorteſt methods of 
perfecting his practice, and will anſwer the end propoſed. 
Indeed a careful attention muſt be git en to thoſe perſons who 
are daily employed in the exerciſe of artillery, and have 
founded their methods upon long cxperience; tor this will 
always be of more weight than the moſt learned precepts. 
| But yet, ſuch a perſon will be better able to judge by the help 

of theſe rules, joined to his own experience, than he can by 
his experience alone. 

As I liave conformed to the method of other writers, it 
being the moſt eaſy and beſt adapted for beginners ; fol ex- 
pect to have objections raiſed againſt me, becauſe I have made 
no allowance for the air's reſiſtance ; now to anticipate theſe 
objections, What engineer computes this for Practical Gun- 
nery? The problem would then become very complicate, and 
of a very operoſe kind. The taſk is not only extreme difi- 
cult, but uſeleſs ; for to ſhew how far a projectile deviates 
from a parabolic track by the reſiſtance of the air, is one of 
the moſt intricate problems in all the doctrine of fluxions; and 
which is worſe ſtill, it can be of no manner of uſe ; for the 
motion of a projectile in a reſiſting medium can be reduced 
to no rules, fo as to be of any uſe in the art of gunnery. I 
thought, therefore, by laying down ſhort and plain rules for 
practice, it would be more ſerviceable to the young engineer, 
than to puzzle him with tedious demonſtrations and perplex- 
ed calculations in fluxions, which would create an endleſs 
deal of trouble for no real advantage. 

It perhaps may be faid, I might have added ſome problems 
by ſuppoking the ſhot to move in a right line to a point blank 
diſtance from the mouth of the piece, and then to deſcribe 
the curve of the parabola ; but I do not apprehend it can be 
of any uſe in gunnery by putting a right line and parabola 


together; for the curve deſcribed by a ball on this hypothe- 


fis, will be nothing like the curve deſcribed in the air, and 


therefore I have purpoſely omitted it, for the ball acver de- 
ſcribes a right line, 
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But if any one would make a computation from the re- 
ſiſtance of the air, he will find the problem elegantly ſolved 
by fluxions at page 84, Vol. II. of my Miſcellanea Curioſe 
Mathematica, where it is faid, that the deſcription of the true 
curve is fo p-rplex, that it is ſcarcely of any uſe; and if, ac- 
cording to the ſecond corollary, the reſiſtance be ſmall, as is 
commoniy experienced by an iron ball projected through the 
air with a ſufficient velocity, the curve which the globe de- 
ſcribes in a reſiſting medium, does not differ much from a 
conic parabola ; yet becaufz the refiftance diminiſhes the ve- 
locity of the projection, the ordinate to the trajectory in a 
reſiſting medium will be a little leſs than the ordinate to 
conic parabola ; but notwithſtanding this, the problem, by 
reaſon of its difficulty, is of no uſe in gunnery. 

The Art of Gunnery is a ſcience at all times uſeful, and 
much more fo amongſt the Engiih, who I am ſure have as 
great an inclination to arms and arts as any nation in Eu- 
repe; their matchle's valour and bravery, their fingular pru- 
dence and conduct, both by ſea and land, is fo univerfally 
known, that many powerful ſtates have been cooftrained to 
yield to them by the dint of their ſword; and as to arts and 
ingenious literature, they juſtly claim a true title to the em- 
pire of human knowledge. 

Theſe fciences, it is known to all, are the peculiar care 
of princes, that deſign to raiſe the force and power of their 
countries; and theſe are none of the l-aſt arts, whereby the 
French King hath brought his ſubjeas to make that figure 
which they at this time do; I mean, the care that he takes 
tor educating thoſe appointed for this ſervice: he orders that 
there be profeſſors to teach theſe ſciences publicly in ſeveral 
parts of the kingdom, that the teachers muſt know deſigning, 
and to teach it to their pupils, in order to lay down the ap- 
p<arances of things in their real form and fituation ; they 
are to keep their ſchools open, and to read four times a week 
to their ſcholars, where they muſt have books and inſtru- 
ments neceſlary to teach their art, who have handſome ſala- 
ries from the government for that ſervice, and to teach gra- 
tis. I he directors of hoſpitals are obliged to ſend to theſe 
academies every year ſeveral of their boys, to be taught and 
furniſted with books and inſtruments, explained with a vaſt 
variety of experiments, and thereby practice and theory go 
on hand in hand, and receive mutual aſſiſtance from each 
other; and that nothing can exceed the order of theſe ſchools, 
the cflicers placed at the head of them are of the greateſt abi- 
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lity and knowledge in the management of artillery, which 
they teach with as much method as grammar and acc.mpts 
are taught in our ſchools z and hence it is that France is 
well provided with fo great a number of able and ſofficient 
ineers. 

ing the time of the late unnatural rebellion, ſome 
mathematical lectures were read in London to inſtruct officers 
in the art of engineering and fortification, as knowing very 
well the importance thereof, and this continued ſome time 
after the peace; and it is worthy the conſideration of the 
legiſlature, whether the reſtoring and continuing this even 
in times of peace, be not expedient for the bringing up eu- 
gineers, who are ſo uſeful and valuable in the 1 way, 
and fo difficult to be had in time of war, and fo little danger- 
ous in time of peace. 

The arts of war and trade require much the aſſiſtance of 
theſe ſciences, an officer that underſtands fortification and 
— will, ceteris paribus, much better defend his 
poſt, as knowing wherein its ſtrength conſiſts, or make 
uſe of his advantage to his enemies ruin, than he that does 
not: he knows when he leads never fo ſmall a party, what 
his advantage or diſadvantage in defending and attacking 
are, and hereby can do more ſervice than another of as much 
courage, who for want of ſuch knowledge, it may be, 
throws away himſelf, and a number of brave fellows under 
his command, and it is well if the miſchief reaches no 
further. 

Fortification is ſo neceſſary an art, that it greatly deſerves 
more encouragement ; for, excepting one or two academics 
founded on royal authority, I cannot learn that it is properly 
taught in any parts of this kingdom ; for moſt of thoie gen- 
tlemen that make geometry their peculiar province in teach- 
ing it, apply it often to uſeleſs ſpeculations. Now fortifica- 
tion is the chief art whercin geometry is uſed, and to it only 
is owing the great ſucceſs and improvement of military ar- 
chiteQure; indeed, where the ground is regular, it admits 
but of ſmall variety; yet where the ground is made up of 
natural ſtrengths and weak neſſes, it affords ſome ſcope for 
thinking and contrivance ; and what contributes much to- 
wards its ſtrength, with rega:d to its force or refiftance, are 
the due meaſures and proportions of its lines and angles ; as 
it is now arrived to fuch a degree of perfection, that in all 
likelihood it cannot receive any eſſential addition; fo it is 
the more eaſily to be comprehended ; becauſe, it ſeems im- 
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poſſible to find any thing that is not already invented for fe 
making atttacks upon places. Earth is made uſe of for 
trenches, banks, and retrenchments; water, for ſluices and 
inundations ; and fire is applied various ways ; belew, by the 
contrivance of mines and their galleries, whoſe havoc is 
dreadful, and deſtruction rapid, in a moment burſting open 
the bowels of the earth, rending in pieces the ſtrongeſt walls, 
the firmeſt towers, and blowing up whole troops of men ; 
above, by bombs, carcaſſes, and granadoes, directly by can- 
nons, mortars, Sc. Let the reader imagine to himſelf 
* (fays an ingenious writer) a great number of mortars play- 
ing continually from the batieries round a befieged town, 
and bombs like ene uninterrupted tempeſt of fire falling at 
once on all its quarters, forcing their paſſage irreſiſtibly, 
demoliſhing buildings, and burying multitudes under the 
ruins, tearing up pavements, ſweeping whole ranks of 
men away, and toſhag their mangled limbs into the air, 
penetrating with the violence of lightning even ſubterra- 
neous vaults, overthrowing, rending or ſetting on fire 
whatever they touch, their execution is experienced as fa- 
tel and general, as their effects are terrible and deſtruc- 
tive.“ The cunning of mankind never exerting itſclf fo 
much as in thcir arts of defiroying one another, therefore me- 
thods of deſence have been invented to prevent in a great mea- 
ſure theſe effects, and this is the proper buſineſs of fortifi- 
cation; and unleſs mankind find out ſome other elements, 
there is not much probability that they can invent new me- 
thods, either offenſive or defeuſive. 
It were to be wiſhed that proper encouragement were al- 
lowed for experienced mathematicians and engineers to make 
all the neceflary experiments on pieces of artillery, for this 
art now makes one of the m-{t conizlerable branches of the 
military ſcience, and it is abſolutely nec: ary to have it un- 
derſtood by many, in order to ſupport the honour of our 
arms, and to maintain the public ſafety of this nation; and 
I am fure never more fo than at this preſent con junctute, 
where it is ſaid from public authority, that Great Britain or 
Ireland is daily threatened to be invaced by one of the moſt 
powerful and formidable flects and armies that France ever 
had; whoſe armics are in continual motion on all fides, their 
coaſts towards the ocean (warm with troops, their roads to 
Flanders, Normandy, aud Br itiany, are continually covered 
with carriages laden with cannon, warlike ſtores, arms of all 
kinds, proviſions, Lc. all the apparatus of fome great enter- 
prizes 
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prize, whoſe injuſtice as well as inſolence is circumſcribed by 
no bounds z who now fully ſne v their ambitious projects, ul 
faith, notarious breach cf treaty, and manifeſt aggravation 
againſt the beſt of Kix cs that ever ſat on the Britiſb throne. 
his attempt of invading theſe kingdoms in revenge for bis 
Majeſty's generous and ſteady conduct in maintaining the 
rights and poſi-fhons of his crown and futjects, againſt the 
unprovoked aggrefiions and hoſlilities firſt begun on the part 
of France, is ſo unjuſt, daring and inſolent, as not to be pa- 
ralleled in any hittory. But— 

To conclude, as the practice of Seca GCr:rery is extreme 
eaſy, their marks being moitly point blank or very near it, 
and that aſcents and defccars bear no conſiderable {hare 
here, I have taken no notice of it, and have omitted the de- 
monſtraticns of the rules in gunnery, in order to render the 
whole as conciſe, and deliver it with as much plainneſs as 
my own abilities and tne nature of the ſubject would permit 
me ; and I hope the candid and impartial reader will excuſe 
what is amiſs, aud amend thoſe errors which unavoidably 
attend things of this nature, or may happen by reaſon of the 
author's greet diſtance from the preis; for he has no other 
defign in publiſhing this book, than to be ferviceable to his 
own countrymen, far whole bencfit he heartily wiſhes it was 
much more complete than it is. 


Sept. 4, 
1756. 

P. S. From the favourable reception the former edition of 
this work has met with, and the opinion which ſome good 
Judges of the ſubject have been pleaſed to form of it, the au- 
thor thinks bimſelf authorized to conſider his plan as right. 
This, joined with his deſire to oblige thaſe who wiſh to fee 
the ſubject more complete, induced him with the utmoſt care 
to reviſe and improve it. In this fecond edition are made 
many alterations and additions in ſeveral parts of the book, 
as the laws of motion, the laws of gravity, deſcent of bodies, 


F. HOLLIDAY. 


the vibration of pendulums. To the geometry are prefixed * 


the definitions, which were omitted in the former edition. 
At the defire of fome friends, I bave enlarged the number of 
propoſitions in the menſuratioa of planes aud tolids ; and have 
treated largely of the ſtrength of beams of timber, with rules 
for cutting the proper dimenſions of ſcantlings, founded on 
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mathematical principles, delivered in ſuch a manner as to 
explain them to the meaneſt capacity. To the trigonome- 
trical part, have given the proportion of fines, co-fines, tan- 
gents, &c. and ſeveral other uſeful and curious propoſitions, 
too long to be mentioned here. And farther, to render the 
book as uſeful as I could, there is now added a ſhort intro- 
duction to fortification, the definitions are according to the 
beſt French writers, whom I confulted ; alſo | have given 
the operation at large, for computing all the lines and an- 
pics of regular fortiſied polygons, as the ſquare, pentagon, 

xagon, and ofagon, from trigonometry, as laid down in 
this treatiſe. In gunnery, or the doctrine of projectiles, the 
reader will meet here and there inſerted farther improve- 
ments, and more examples for illuſtrating the learned Mr. 
Emerſon's two general ſchalia, on the motion of projectiles, 
with a table of theorems for horizontal projections ; and it 
may here be obſerved, that Propoſitions I. II. VII. and XI. 
are the moſt uſeful for practice, which are few and very 


Ye | | 

Theſe, it is preſumed, will be acceptable to gentlemen in 
the army, which are peculiarly adapted to z2ffift thoſe u ho 
defire to be acquainted with fo uſeful a ſcience. Though 
men in private life may be allowed to neglect theſe ſciences, 
yet perſons of eminent ſtations, who have the conduct of ſo- 
cieties and ſtates, may by no means be admitted to do it; for 
not only military gentlemen, but all others who would ſpeak 
properly on this ſubject, and underſtand what they read in 
the public news-papers, ſhould be acquainted with this ne- 
ceſſary branch of ſcience. 

If that which is here delivered prove uſcful, it will be a 
pleaſure to him, who, upon all occaſions, is glad of pro- 
moting real and uſeful knowledge. 

Aa 4. 1772. F. H. 
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the / elo 


130 
Mut ipli- 


Nn J 
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Atuliplicaiion by logarithms — — 131 
Divifton by logarithms 132 
To ſquare, cube, &c. any given — by — 134 
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To find the logarithmic jines, co-ſines, tangents, Ic. 137 
To find the fine, ca- fine, tangent, c. to 99 degrees of the in- 

ter mediate parts of a minute — — 
To find the are, fre: the fine, co. ſiae, Oc. —— 139 
Giuen the radius and arch of a circle, in 2 and 3 

to find the length of that arch 140 
Given the ſum of two angles, and the — of their ir fins, to 

find the ang s ſeparately — 141 
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The folution of the feveral caſes of right — triangles 144 
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To find the breadth of a river — — 161 
To meaſure an inacceſjulle height — — 162 
The meaſuring of diſtauces at one flation 16 


To take a long diſtance on a level plane, without the help of 

any inſt-ument, unleſs a ftaff to ſet off a right angle 172 
The meaſuring the diſtances at two ibid. 
Tw3 curious problems — 


77 find the diflance of places by firing 1 cannon — 179 


A table of the angles which every point of the — makes 
with the meridian — 181 


Problems ſhewins its u — — 182 
FORTIFICATION. Definitions — — 186 
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Ta fortify a — 192 

To fortify a — — = — — 195 
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— — 211 
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rom the ſquare to the decagom 
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rajettions on the plane of the horizon —o ? 
Projeftions on aſcending planes — — 240 


Prejections on deſcending pianes — 255 
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A table of theorems for horrzontal project ians 9 270 
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of a bullet ſhot from a piece of orqnance — 279 


An explanation of the SYMBOLS uſed in this treatiſe. 


+ ſignifies addition, as A+B denotes B added to A. 

— ſignifies ſubtration, as A—B denotes B to be taken 
from A. 

x ſignifies multiplication, as AxB denotes A multiplied 
by B. 

= fignifies equality, as A=A or A is equal to A. 

v/ ſignifies the ſquare root, as YA the ſquare root of A, or 
144 the ſquare root of 144 or 12. 

Lx. nifies the logarithm of. | 

to nifies proportion, or rule of three, thus 2:4: : 6: 
12, that is, as 2 is to 4 ſo is 6 to 12. 

A ſignifics triangle, as A ABC denotes the triangle ABC. 

£ fignifies ang e. as , A ſignifies the angle A. 

s. ſignifies fine, as 3. ABC denotes the fine of the angle B. 

t. „ e as r. ABC denotes the tangent of an- 


1 * the ſquare, as CD denotes CD ſquared. 
mk parallclogram, as ZI DB the parallclogram 


0 Pier od dgrees, as 24” ſignifies 24 degrees. 
© kgnifics minutes, as 35 denotes 35 minutes. 


L 
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or 


DECIMAL ARITHMETIC. 


DEFINITIONS. 


FRACTION is called vulgar or decimal, according 
A as it is divided, as + is called a vu/gar fraction, the up- 
permoſt number is called the numerator, and the under- 

moſt the denominatar. 

A decimal fraction ſuppoſes ane of any thing whatever to be 
divided into 10 parts, 100 parts, 1000 parts, c. and hath 
always a dot ſet before it as.5 is called 5 tenths, and in vulgar 
fractions , but as decimals are the eaſieſt, I ſhall ſay nothing 
of vulgar fractions here. 

As places in whole numbers increaſe by tens, ſo do places 
in decimals decreaſe by tens; for as the firſt, ſecond, third, 
Sec. place above that of units is tens, hundreds, thouſands, Cc. 
ſo the firſt, ſecond, third, Sc. place below that of units is 
tenths, hundredths, thouſandths, decreaſing in a tenſold propor- 
tion, as is manifeit ſrom the following table, 


3 5 
oo 
I = 
S > 5 4 2 
= 8 38 28 
= S 23 = 
88 3212283 
8 = © = S 5 <= 
2 D & =D — = 8 
1245 1332 
2828328 22 8 — 
S358 8 388 8 38838 
2 EAS FEAS EEA 
rr 
B So 
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ſignifies 2 of as, 

1425 175 Thouſandths. | 

| Cyphers ſet after decimals do not alter their value, as .$ 
and Bron er he Gave, wits only 8 tenths : but when cyphers 
are fet before decimals, they remove them farther hom the 
decimal point, and therefore decreaſe them, as .o8 is leſs than 
8, lo . oog is leſs than .o8, conſequently, each removal of 


a figure into a place forward makes it wes Canes th ag in 
was before. 


Ta reduce Vulgar Fractians into Decimal. 


= VU Lb 


Add as many cyphers to the numerator as you intend deci- 
mals, and divide by the denominator, the quotient is the de- 


eimal required. 
Examples. 


1. Reduce 7, of any thing into a decimal. 
a 


— — 


2. Reduce = of any thing into a decimal. 
2) 1.0 ( the decimal. 
10 
3 Reduce 3 of any thing into a decimal. 
4) 399 (225. the decimal. 


[ — 


20 


So the quarter, half, va hee quarters fa one a 
+253 +53 and .75 decimally. 


4. Reduce 
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4- Reduce ; into a decimal. 
7 ) 2-000co ( .2857; the decimal of 7. 


14* 
60 
56 
40 
35 
50 
49 
10 
7 
3 
5. Reduce ; into a decimal 
32) 1-00000 ( .03125 
96 
40 
32 
80 
64 
160 
160 


Note. Here I annexed five cyphers to 1 the given numerator, 
as I intended to have five places in decimals, and there ariſe 
but four in the quotient, I mult ſupply ſuch defect by prefix- 
ing as many cyphers on the lefi-hand of the firſt figure in the 
quotient as there want places; as in the example above there 


is prefixed a cypher to make the quotient compleat, becauſe I 
annexed five cyphers to the numerator. | 


6. Reduce 6s. 8d. into the decimal of a pound. 


Thus, 6s. 8d. is 80 d. and a pound = 240d. 
Then 240) £0.0000c0 (.33333 is the decimal. 


B 2 7. What 


4 DECIMAL FRACTIONS, p. I. 


7. What is the decimal of 5 ct. 1 qr. 11 1b. the integer 
being a tun weight? 
Thus, a tun weight = 2249 Ib. and 5 cwt. 1 qr. 11 lb. = 


599 lb. 
Then 2240) 50. 0000 (. 2674, the decimal. 
Ta find the Value of any Decimal Fractian. 
RULE. 
Multiply your given decimal by the parts of the next infe- 
rior denomination that is equal to the integer, the decimal 


dotted off gives the part thereof ; and if there be any remain- 
der, multiply it by the next inferior denomination, &c. till all 


is done. 
| E xamples. 
1. What is the value of. 875 of a pound Sterling? 
Thus / .875 


20 
5. 17.500 
12 


d. 6.000 Anſwer 17 8. 6d. 


2. What is the value G 9874? 
Thus 19374 £ 
20 


Anſwer 198. 8;.c041. 3 9040 


3. What is the value of. 5675 of a tun weight? 
Thus 5875 Jun. : 
25 


31.7500 


hey 4 as , 
. 


Auiwcr it ewe. 3 qt. 3.c070 


P. I. 


DECIMAL FRACTIONS. p 


4 What is the value of .3712 of a hundred weight ? 


Thus 


+3712 cwt. 


Anſwer. 
1 qr. 13 lb. 9.1994 oz. 


ADDITION of DECIMALS. 


RULE. 


LET the numbers be placed according to their value, 2s 
units under units, tens under tens, &c. in whole num- 
bers ; and in decimals tenths under tenths, hundredths under 
hundredths, &c. then work as in whole numbers, always re- 
membering to make as many places of decimals in the ſum 
total, as the greateſt number thereof were in your example. 


4818.4 
55 6.97 
37 3 8x 
281 54 
846 61 
75 1.82 
6 3-25 
£3432 185.6295 $35-40 


Or £3:8: 71.72 Or 185 yds. 2 qs. 2 na. &c. Or £835 :8 


B 3 


S U B- 
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SUBTRACTION. 


Place your numbers as directed in addition, then work as 
in whole numbers. 


Examples. 
From 591 6198 1. 54. 
Take 397 1499 0.987 6.9843 
Remains .194 4099 0.013 47.0157 


— — _— — — — — 


MULTIPLICATION. 


Work in multiplication as in whole numbers, always re- 
mem to ſet off as many decimals in the product as there 
are deci both in your multiplicand and multiplier, and if 


you have not a ſufficient number in your produQ, then prefix 


as many cyphers as you want. 


12.23 | 2132 
23 262 
74462 394383 
74482 131461 
37241 0 2029 | 
455-45743 0280274852 


DIVE 


R i 
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DIVISION. 


Divide as if all were whole numbers, annexing cyphers 
the dividend, if need be; and when you have e/ wry — 
operation, point off for decimals in the quotient, ſo man 
places as the decimal parts uſed in the dividend exceed t 
of the diviſor, and thoſe to the left, if any, are whole num- 
bers. 

If the places in the are not as many as the above 


rule requires, then 2 the defect with cyphers on the left 
hand of the quotient. 


Examples in all the Varicties. 


246 ) 160. 984 ( 654 quotient. 
147 6 


1328 
12 30 


934 
934 


246) 16 0834 (.0654 
14 76 


x 328 
1239 


4 
35 


2.46) 1608.84 (654 
1476 


— 


DECIMAL FRACTIONS, 


2.46) 16.c884 ( 6.54 
14 76 F 


2.45 ) 16c884.co( 65400 
1476 


245) 160.8840 (6540 
147 © 


1328 
12 30 


984 
954 


O 


246) 160884 (6.54 
1476 


P. I. 
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The Rule of Three in Decimall. 
State your cueſtion as in whole numbers, and work as 


aforeſaid. 
Examples. 


If a pound and half of butter coſt a groat, what will two 


pounds coſt? 


Thus 
Ib. d. Ib- 


& —— 2 
4 
— 4. 
1.5) 8.000 (5.33 
/ A. 


Two men bartered ; A had 45.7 vards of ſha!loon, for 
which B gave him 25.6 ells of Ho:land, at 48. 6d, per ell, 
what is the ſhalloon a yard? 


Ell. 8. Ells. 


I 1 4-5 - 256 
15 


1280 
1024 


8. 115.20 
— 


19 DECIMAL FRACTIONS. . 
Vards. 8. Vard. 


If 49.7 115.2ä— 1 
I 
— — 8. 
40.7) 115. 200% 2.83 
814 12 
3380 4. 9.96 
32 50 4 
1240 384 
1221 


Anſwer 25. 9.8 d. per yard. 19 


A owes B £296 : 175. but not being able to pay the whole, 


be compounds tor 7s. 6 d. ia the pound, what muſt B re- 
ceive for his debt ? 


Firſt, the decimal of 17s. is C. 85 


L 8. 
If 1 — 75 — 296.85 


7-5 


14842 5 
207795 


8. 2220.375 
12 


4. 500 

Anſwer 2226s. 41.6 d 4 
or 111: 6: 4. — 
2.000 


— — — 


Nate, When more requires leſs, that is, when the third 
term is greater than the firſt, and requires the fourth term to 
be leſs than the ſecond, or when leſs requires more, that is, 
when the third term is leſs than the firit, and requires the 
fourth term to be greater than the ſecond, then the propor- 
tion is inver/e ; and to find the fourth term, 

Multiply the firſt and ſecond terms together, and divide 
that product by the third term, the quoticnt is the fourth 
term, or anſwer to the queſtion. 

| Examples. 
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Fxramples. 


There is prov iſion enough in a caſtle to ſerve a garriſon of 
200 toldicrs fur a vear, and it was reported that an enemy 
were coming to attack it, the gurrifon was augmented to 


oo men more, how many days will the proviſion ſerve theſe 
502 men ? 


Men. Days. Men, 
It 200 305 — 5. 
200 
Sſco) 730100 ( 


145 days, ant wer, 


A certain garriſon, containing 40 men, hath proviſion 
ſufficient for ſix weeks and four days, but being about to be 
beſieged by the enemy, and no afliitance to be got to relieve 
it in jefs than two months; how many men muſt the gover- 
nor diſcharge out of the faid garriſon, that the ſaid provition 
may ſerve the remainder four months two weeks ? 


Firſt, the decimal of ſour days, a week the integer, is . 7 
For 7) 4.00 (87 | 


Weeks. Men. Weeks, 
If 6.57 — 4080 — 16 
4000 


16) 26280 ( 1642 will ſerve. 
1 


68 From 40 0 
64 Take 1042 


40 2353 men to be diſ- 
22 charged. 


Com 
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Compound Rule of Three Dired. 


In the compound rule of three di ect there are five nmbers 
given to find a ſixth, which is to the third as the product of 
the two laſt to the product of the two firſt. 

Multiply the firſt and ſecond together for a diviſor, and 
the fourth, fifth, and third terms together for a dividend 
the quoti-nt ariſing by dividing the dividend by the divi- 
ſor is the an{wer. 


E xample. 


If 12 men in 8 days dig 48 cubic fathoms of earth to 
make an entrerchment, how many fathoms at the ſame rate 
will 28 men dig in 4 days ? 


Men. Days. Fath. Men Days. 
11 12 — 8 — 48 — TW — 4 
8 4 


90 diviſor 112 


95) 5376 (56 fathoms. Ant 


576 
576 


Compound Inverſe Rule of Three, 


Is to find a fixth number from five given, numbers, 
which is to the third as the product of the two tit is to 
the product of the two laſt. To find the ſixth, multiply the 
product of the two firſt by the third, and this product divide 
by the product ot the fourth and fifth, the quoticat is the 
Uxth, or aulwer. 


Example. 
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Example. 

In a garrifon containing 3000 men there was, at the time 
of their being beſieged, a proviſion of bread in the magazine 
ſufhcient to ſerve the full complement, viz. 4000 men, juſt 
three months, it 20 ounces daily allowance per man: but 
the governor being determined to defend the garrifon ſix 
months, defires to know how much bread each man may be 
allowed a day for hat purpoſe? 


Men. Months. Ounces. Men. Months. 
If 400 — 3 — 20 — 3000 —— 6 


3 6 
12000 18000 
20 — — 


18100) 240 ( 135 ounces for each man a day. 
18 


„8 


— — 


Extraction of the Square Rcot. 


| NY number multiplied into itſelf is faid to be ſquared, 

A or the ſquare of that number; thus 6 multiplied into 
itſelf, or 6 x © = 36, the ſquare of 6; wheace the foliowing 
table : 


C 
Squares I. 4. 9. 10. 25. 36. 49. 64. 81. 


RULE. 


When any number is given to be extracted, point it off in 
every other place, beginning at unity ; then find the Brit 
figure in the root, whoſe ſquare ſhall! be equal to, or ceareft 
leſs than the figure or figures to the firſt point, and then ſub- 
tract that ſquare from the firit point, and to the remainder 
bi ing down the next point, and call that the refolvend. I hen 
double the quotient or root, ard ſæt it for a div iſor _ the 

eft- 


14 The SQUARE ROOT. P. I. 


Jeſt-hand of the reſolvend, and ſeek how oft the diviſor is con- 
tained in the reſolvend, reſerving always the units place, and 
put the anſwer in the quotient or root, and allo in the units 

lace of the diviſor; then multiply the divifor by the figure 
Jas put in the quotient or roct, aud ſubtract the product from 
the reſolvend, as in common diviſion, and bring down the 
next point to the rewoinder, and this is the reſolvend; and 
proceed as belore till the operation is huiſhed. 


Fn E ramples L 


What is the ſquare root of 1 16954 ? 


Firſt let it be pointed thus, 116964 3 then find the meareſt 
ſquare number to fi the firlt pe.iod, as 9, &c. Thus: 


I 16964 342, root. For 342 
9 by 342 
64) 207 reſolvend. 648 
250 | 1368 
1026 
682) 1374 reſolvend | 
1304 116964 proof, 
C 


Thus, 1 3160 241 ( 3629 roct, 
* 
66) 416 
396 
722) 2097 - 
1444 
7:43) 05241 
65241 
0 


When any whole number is propoſed to extract the ſquare 
root, and there be a remainder, the root may be found to 
any degree of exactneſs, by adding two cyphers to the re- 
mainder, and proceeding as before. 


What 


add a 
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What is the ſquare root of 37468? 
37468 ( 193 596, dec. 

29) 274 
261 


— — — 


38 3) 168 
149 


3865) 21900 
19325 


— — — 


35706) 257 500 
232236 


387126) 2526400 


23227 56 
203644, &c. 


— — — 


When a mixt number or decimal is to be extracted, point 


every other figure as before, beginning at the units place in 
whole numbers, but in the decimal always begin in the ſe- 
cond or hundreds place, and if you have not a full period then 
Cypher to compleat it, and when you have not as many 


figures in the root as dots or periods, then prefix a cypher ot 


cyphers to anſwer them. 
| What is the ſquare root of 523.176? 


523-1750 ) 22.87, &c. 
4 


42 ) 12 
| $1 
448 ) 3917 
3584 
4567) 33360 
31909 


1391, &c. 
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What is the ſquare net of .0gg20g? 


$143219(- 3784, &c. 
9 


* 


748) 6319 
5954 4 


7564) 33560 


30256 


3244, &c. 


What is the ſquare root of 7 ? 


7 7. oo. 000 ( 2.645, &c. 
A 


405 
276 


524) 24c0 
2066 


5285) 30400 
20425 


3975. &c. 


£997612916( 02759 
4 
| 47) 361 


545) 3228 
| 


2725 


5509) 50316 
49581 


735 


What is the ſquare root of .co07612816? 


P. L. 


——— — — — 
_— — * 
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To find the ſquare root of a vulgar fraftion, reduce it 
into a decimal, and extract the ſquare root of that decimal, 
and the thing is done. 
What is the ſquare roct of 4 or +? 
Thus 4 or 4 in decimals is .5 then .5cco ( .707, &c. 
49 


| 1497 ) 1COco 
| 9849 
| 


2 — — 


— 


151, Ce. 


To extraft the Cube Nast. 


RULE. 

| Firſt point off from the unity place every third figure, find 
the fi: figure in the root by the following table, ſubtract 
| from the firſt period, augment the remainder by the firſt 
figure in the next point, this call the dividend; divide this 
dividend by the triple ſquare of the whole root laſt found, the 
: quotient figure found annex to the root; cube the root thus 
found, and ſubtract it from as many points as you have 
brought down; to the remainder bring down the firſt figure 
of the next point for a new divicend, divide this new divi- 
dend by the triple ſquare of the root, the quotient figure 

annex to the root again, cube the whole root, and ſubtract it 


: from as many points as you have brought down, and proceed 
in this manner till rhe work is ended. 


| The TABLE of POWERS. 


| ubes | x [8 | 27 | 64 | 125 | 216 | 343 512 | 729] 


Cc Thus 
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Thus to extract the cube root of 133129053, the nuniber 
is firſt to be pointed after this manner, viz. 1 3:2953, then 
you are to write in the root the figure 2, cube 8 is the 
next leſs cube to the period 13, which is not a per ſect cube 
number, and having ſubtracted that cube according to the 
rule, there will remain 5, which being au ted by the 
next figure of the refolvend 3, and divided by the triple 
ſquare of the root 2 or 12, by ſecking how oft 12 is contain- 
ed in 53, it gives 4 for the ſecond figure of the root, but fince 
the cube of 06, oth. 13824 would come out too great to be 
ſubtracted from 13312 that precedes the ſecond point, there 
muſt 3 be wrote in the root, then 23 cubed is 12167, 

from 13312 will leave 1145, which augmented 
the next figure of the reſolvend o, and divided by the tri- 
ſquare of the quotient 23, viz. 1587, it gives 7 for the 
third figure of the root ; then 237 cubed and ſubtracted from 
the three periods or the whole refolvend, there remains c. 
Whence the true root is 237. Ses Sir Iſaac Newton's Arith- 
metica Univer ſalis. 

Examples. 


13312053 (237 Root. 


2X2=4XJ=12)53(4 or 3. 
Subtract cube 12167. 


23 * 22529 * 321587) 1145007 
Subtract cube 13312053 
Remains 0 
What is the cube root of 27054036008 ? 
3 ( 3002 Root. 


Z&3=9g Xx 3=27)0542(2 
3002 cubed is 27 054036008 


9 
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15 
What is the cube root of 122615327232? 
| 1 (4968 Root. 


4x =16x3=48) 586 (9 
49 cubed, ſubtract 117641 


— ͤ ͤ——6—9 —— 


49492401 +3=7203 ) 40743 (6 
Subtract 496 cubed, viz. 122923939 


496 x 496=246016 x 32738948) 5913912(8 - 
_ Subtract the cube of 4968, viz. 122615327232 


Remains 2 


When the reſolvend has a remainder, you may carry on 
the root to any degree of exactneſs by adding three cyphers 
for each new pericd you intend to carry the root to in places 
of decimals; and always remember to point off every third 
figure trom the tenths place in decimals, the whole numbers 
as before. 

What is the root of 61218.00121 ? 
61218.001210 ( 39-41 root 
27 
ZXZ=9gX Z=27) 342(9 
39 cubed 59311 

39 * 39=1521 X 3=4563) 19070 (4 

: 394 cubed 61162984 
394 /44 155236 * 3=465648) 550172(1 

| 3941 cubed, is 61209566621 


Remainder 8434589 
C 2 What 
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What is the cube root of .oo69761218 ? 
Jcobg1612:B00000 ( -19107 


18181832309 (09 
19 cubed 65899 
19 * 19= 361 * 3= 203) 2378 117101 
191 cubed 6967871 
191 * 191= 36481 x 3=109443 ) $2508 (o 
1910 cubed 6967871000 
1919fd.= 3648100 x 3210944300 ) 82508000 { 7 
19107 cubed, is 6975534818043 
Remiander 386981957 


PART IL 


121 } 


„ II. 


THE 


MOTIO N. 


L AVS or 


DEFINITIONS. 
1. H E place of a body is that part of ſpace, which a 
| body occupies. | 
2. .Aotion is a continual change of place. 
In motion there are three things to be conſidered, the 
body which is moved, the ſpace which is paſſed over or 
deſcribed, and the time in which it is deſcribed. 
3. The direction of motion is a right line which a body in 
motion deſciibes, or endeavours to deſcribe. 
4. Equabl: or uniform motion is that, by which a body in 
motion deſcribes or paſſes over equal ſpaces in equal times, 
5, Mecclerated motion is that, by which a body in motion 
deſcribes continually greater ſpaces in equal times; or 
which is continually increaſed. 
6. Retarded motion is that, which continually decreaſes in 
equal times; and if the increaſe or decreaſe of motion be 
equal in equal times, the motion is then ſaid to be equally 
accelerated, or retarded, 

7. Velocity or celerity is that affection of motion, whereby a 
a body in motion patlcs over, ot deſcribes a giveu ſpace in a 
given time. 
Let V expreſs the velocity, T the time, and S the ſbace; 
when it is laid, the velocity is directly as the ſpace, and in- 
verſely as the time; or the velocity is as the ſpace directly, 
and time reciprocally, it is expreſſed thus V : =: ſo a:ſothe 


time T: F, that is, the time is s the ſpace CireAly and 
velocity inveriely. Hence theorems may be determined tor 


tae time , velocity, ſpace palied over, in equable and acce- 
lerated motion, as follows. | 
C 3 Let 
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Let Q and g expreſs the quantities of matter in two 


ies. 
V and v, their reſpective velocities. 
M and m, their momenta, or quantity of motion” 
S and , the ſpaces deſcribed or paſſed over in the times T 
and t reſpectively. Then 
I. 


If the velocities are equal, the momenta will be as the quan- 7 
tity of matter in the moving bodies, that is 


IK VS 

Then M: „ Q: 2 
Whence Me = af) 

And 1. == = 
> %% Þ 

S © = . 

4. Q = — 

II. 


If che quantities of matter in che moving bodies are equal, 
the momenta will be as their teſpective velocities. That is 


III. 


The ratio of the momenta is in complicate ratio of the 
quantities of the matter and the velocities. That is 
M: n:: QX V: f v. 


IV. 


I be ratio of the velocities is compoſed of the direct ratio 
of the momenta, and the inverſe ratio of the quantities of 
matter. That is 


V:v::qxM:Q x m. 
F V. 
If the momenta are equal, the velocities will be inverſely 
„ « - Pagan, brows T hat is 
If = m 
Then V:v::4q: Q. 


VI. 
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VT. 


If the times are equal wherein bodies move, the 
deſcribed will be as the velocities with which they move 


Tnat is 
HT =e 
Then S: :: V: ov 
VII. : 


If the velocities are equal, the ſpaces deſcribed by the 
moving bodies, Ny ny as the times. That is 
== VÞ 


Then S: :. T: 


VIII. 
{in all caſes, the ratio of the ſpaces deſcribed is in the com- 
j4icate ratio of the times and velocities conjaiutly. That is 
S:p1$T RH  # Rm 


IX. 


ff the ſpaces deſcribed are equal, the velocities are in the 
reciprocal ratio of the * That is 
. 
s:: . 


| X. 

The ratio of the times is compounded of the direct ratio 
of the ſpaces deſcribed, and the reciprocal ratio of the veloci- 
ties. That is 

—_— 333 EATS © 


XI, 

The ratio of the velocities is compounded of the direct 
ratio of the ſpaces deſcribed, and the reciprocal ratio of the 
times. IL hat is 

V;vuv:::ex$S:T xs 


XII. 
The ratio of the times is compounded of the direct ratio 
of the ſpaces deicribed, divided by the vclocities. 


=. 
„ 


Theſe 


* 
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Theſe are the laws of motion deduced from thoſe general 
laws of Sir [aac Newton, in his Principia, and ate elegaatly 
demonſtr in Mr Ener ſon's Mechanics; whence equations 
may be deduced, as given in the firſt. | 


SCHOLIUM. 


MorT1on is meaſured by the velacity and quantity of matter. 
Therefore if a ball of iron, and a ball of wood of the fame 
bigneſs be projected with the fame velocity, there will be more 
motion in the ba l of iron, than in that of wo d; ſo lit-wile. 
if two equal leaden balls, the one folid, the other hollow and 
empty, be moved with the fame velocity; the folid ,ba!! »:il 
have more motion than the hollow one, and wil: ftrike a body 
againſt which it is thrown with greater force; and the quan- 
tity of matter, which is properly contained in any body, is to 
be determined by its weight : wherefore the quantity of ma- 
tion is not to be meaſured by the velocity and bigneſs, but 
by the velocity and weight of the body in motion, which is 
carefully to be obſerved ; and all bodies reſiſt in proportion 
to their denſity, that is, to the quantity of matter contained 
in them. | 

Whence we have the following concluſions. 


1. Velocity = — 
time 3 4 

2. Space = velocity multiplied by the time. 

ſpace ſpace 


3 Tims = ow © 161 1 


5. Weight = 
6. Velocity = 


Of Gravity, Deſcent of heavy Bodies. 


The velocities of deſcending heavy bodies, are proportional 
to the times from the beginning of their fall. This follows, 
becauſe the action of gravity being continual, in every ſpacg 
of time, the following body receives a new impulſe, equal to 
| what it had before in the ſame ſpace of time received 9 
* | -| 
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firſt power, viz. In the firſt ſecond of time, a hath 
acquired a velocity of 32 +, for an heavy body let fall from 
any height near the ſurface of our earth, deſcends in a ſecond 
of time 16 Tr feet, and were there no new force, it would 
continue to deſcend at that rate with an equable motion : but 
in the next ſecond of time, the ſame power of | 
pually acting thereon, ſuperadds a new i 

former, ſo that at the en of two ſeconds, the velocity is 
double to what it was at the end of the firſt, and 
ſame manner, may it be proved to the triple at the end of 
taitd ſecond, and foon ; wherefore the velocities of falling 
bodies are proportional to the times of their falls. 

Cor. 1. The ſpaces deſcribed by the fall of a body are as 
th=- ſquares of the times from the beginning. 

Car. 2. The velocities acquired by bodies falling are in 
proportion to the ſquares of the times in which they fall; 
therefore the velocity is as the ſquare root of the height fallen. 

Cor. Z. All bodies deſcending or aſcending gain or loſe 
equal velocities in equal times, and whatever a ity a 
falling body gains in any time; if it be projected directly 
vpwards, it will loſe as much in an equal time; therefore if a 
budy be projected upwards with the velocity it acquired 
falling 24 It will in the ſame time loſe all its — bu 
hence alſo bodies projected upwards loſe equal velocities in 


val times. 
upwards with the velocity it 


Cor. 4. If a body be projected 
acquired in falling, it will in the ſame time aſcend to the 
height it fell from ; and deſcribe equal ſpaces in equal times, 
both in aſcending and deſcending, but in an inverſe order; 
and wiil have the fame velocity at every point of the line 
deſcribed ; for gravity acts inceſſancly and at every inftant of 
time from the very beginning to the end of the fall. 

Car 5. If bodies be projected upvards with any velocities, 
the h-ighrs of their aſcents will be as the ſquares of the times 
of their aſcending. 

All theſe tuings would be true, if it was not for the reſiſtance 
of the air, which is very great in ſwift motions, and has a 
great effect in dettroying the motions of bodies. 

Car. 6. The forces requiſite to throw equal bodies to dif- 
ferent heights, are to each other, as the ſquare roots of 
heights. 


Pherefore any diſtance or depth may be found by this. 
| P R O- 
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PROPOSITION. I. 


Given the time in ſeconds of a lach deſcending to find the 
og ma if a lach deſcrnding t find the ſpace 
RULE. 


Mluteiply the ſquare of the fecouts, the body took in falling 
by 16 ++ feet, and the product gives the ſpace i it has deſcribed. 


Example. 
2 bullet was 4 ſeconds in falling from the top of a 
Keeple, how bigh i is it ? 
„ ſq. time fee 


4 42 36 * 161, = 23571 feet. 
Thence may be determined the height of any ball that is 
perpend.cular to the herizon. 
or half the time of the ball's continuance in the air, 
1 the time of its deſcent. 


Example. 
a cannon placed perpendicular to the horizon, and 
then fi red off in that direction, it was found by obſervation, 
that the ball ſtaid in the air 23 ſeconds, how high did the ball 


aſcend ? 


13.5 X I.5.= 132.25 + 155, = 2127.02 
feet the height the ball K but becauſe of the reſiſtance 
of the air it will retard the motion. 


PROPOSITION II. 
Given the height of any place, ti determine in what time a 
heavy body let fall from the top wil reach the bottom. 
RULE 


Divide the given height in feet by 151, or 16.09 and the 
quotient is the ſquare of the t:me, whole ſquare root is the 


number of ſeconds required. 


Example. 


Admit there is 2 precipice 2127.92 feet high, in what time 
would a bullet be falling to the boutom ? 


16.09 ) 2127.02 (132. 29 (13 5 cen! 1s, : 
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It is eaſy to demonſtrate, that the time of the leaſt vibration 
of a pendulum is to the time of the fail of a body from the 
height of half the length of the pendulum, as the circum- 
fer-nce ofa circle, to its diameter very near. Whence it follows, 

As the ſquare of the diameter, is to the ſquare of the cir- 
cumference ; fo is half the length of a pendulum 
ſeconde, to the ſpace de ſcribed by the fall of a body in the 
ſecond of time. The length of a pendulum vibrating ſeconds 
is found to be 39.13 inches, and the deſcent in that ſecond 
will be found to be 16+. feet. 

Now e rz = time of falling through 2 * 39.13. 


Wheace by Cor. 1. we have *——2 :2 x 39.13 :: *: 


* Tis = 193-096 inches = 16.083 feet. 


Of PENDULUMS. 


The lengths of pendulums are always accounted from the 
point of ſuſpenſion to the center of ball or bob, but if a large 
ball, then from the point of ſuſpenſion to the center of oſeil- 
lation; and their lengths are to each other as the ſquares of 
the times of vibration performed in one and the ſame time. 


PROPOSITION I. Pros. 


T1 find the length of a pendulum which ſhall make any aſſizned 
number , vibrations in a minute. 


| RULE. 

Say, as the ſquare of the aſſigned number of vibrations, is 
to the ſquare of 60, the ſeconds in 4 minute; (a is 39-13, the 
the length of a royal pendulum, to the length of the pendu- 


lum required, 
What is the length of a pendulum that vibrates half- 
ſeconds, or 120 times in a minute; 
120 X 120 = 14409 
do x 60 = 3500 
Then a3 14400: 3600: : 39-13 : 9-78, &c. inches the 
length required. | 
Or the length of a pendulum may be found thus. ; 
Divide 140848 by the ſquare of the number of vibrations 
añ ned, aad the quotient gives the length of the pendulum 
required. | 


Exam- 
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Example. 
What is the length of a pendulum that ſwings double 
ſeconds, or vibrates 3o times ina minute? 
The ſquare of 30=9gco 
g0c)1408628(156.52:nches. 
PROPOSITION IH. Pao 
Given the length of a pendulum, to find the number of vibrations 
| ſuch a pendulum all make in a minute. 
RULE. 
As the given length in inches: to 29 13 : : ſo is the ſquare 


of the time given: to the ſquare of the number of vibrations, 
whoſe fquare root is the number louz ht, 


Exampres. 

How — times does a pcudulum 9.78 inches long vibrate 

in a minute 
inch. inc h. 

As 9.78 : 3913 :: 3600 : 144, whoſe ſquare root is 
120, the numter tought. 

Or divide 140606 by the length of the pendulum, the 
quotient is the quae of the number of vibrowiuns fought. 


Example. 
How many vibrations will a pendulum make in a minute, 
that is 156 52 inches long ? 
-  wchen 
159.52) 140508(900( 39 long. 


ROB LEM. 


Holding in my hand a ſtring and bullet, whoſe length 
from my finger, tne point of ſulpenſion, to the center of the 
bullet, was 33: inches; | obferved the flaſh of a cannon, 
the fame inftanc I tet the bullet a ivinging and it made 11 
vibrations between the time of fecing tac flach aud hearing 
the report, how far was the cannon from me ? 

inch in h 
As 33-5 : 39-13 :: 3600 : 4205, whole ſquare root is 64 8 
number oi vibrations the bullet made in a miuute, then 
vid. 5 vid. ſeconds 
as £4.8 : 60: : 11: 10.18. 


| feet 
Bur found fli-s 1142 feet in a ſccard, then 1142 10.18 
211625 56 feet 2. 2 miles. 
5 FART 


SS” = Wn TS © 


DEFINITIONS. 


EOMETRY is a ſcience of whatever is extend. d, 

viz. of lines, ſuperficies, and ſolids. It is a fc ience 

of enquiring, inventing, and demonſtrating all the affections 
of magnitude. 

P. . 116 ans 

0 


Ae in th ane ade between two pc 
wy + 


þ A ſuper ficies has length and breath, but without thick- 


6. A foud hath length, breadth, and depth or thickneſs. 
7. An angle is the inclination of two lines the one to the 
2 in a point called the angular point, as A B, 
AC,in 


8. If lines that form the angle be right lines, it is called a 
right lined angle. 

9. When a right line C D ſtanding upon another right 
line A B, makes on both fides thereof the angles C D A, 
C D B, equal one to the other, then both thoſe angles are 


right angles; and the right line C D, which ſtands upon the 
other is called a perpendicular. 4 mo 


Cor. When an angle is mentioned it is noted by three letters, the 
middle letter always denotes the angular paint, as CD A, D is the 


angle denoted. 
— ——— 


An 
1 


11. An 
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Fic, 11. An acute angle is leſs than a right angle, as ADE ; for 
4. ADC is a right angle: acute and obtuſe angles are called 


oblique angles. 
Cor. The lines that of an angle, are called its = 
„, eguilateral triangle hath three equal „ as the 
13. An 1/5ſceles triangle hath only two ſides equal, as the 
triangle B. | 
14. A right angled triangle hath one right angle as at u, 
db is called the hypothenuie, In the perpendicular, d u the 
baſe, as the triangle C. 
135. The triangle D is called an obtuſe angicd triangle, 
for m is an obtuie argie. 
- 16. The altitude or heigi of any triangle is the perpendi- 
4 cular C D, let fall from the vertex C to the baſe A B; and 
it may fall either wichin or without the triangſe. 
17. Parallel linas are iuch, it infinitely produced, would 
, never meet, as AB, CD. 
8. 18. A fquare AB CD has four equal ſides, and is right 
angled, and therefore equi- angled. 
9. #9. A parallelagram ABCD hath its oppoſite ſides parallel, 
and conſequently equal. 

10. 20. A trapezium is a four · ſided figure, whoſe oppoſite ſides 
are not parallel; and if a line be drawn acroſs jt from corner 
to corner, it is called a diagonal line, as AB. 

11. 21. A cirde is a plane figure contained under one line 
only, called its circumference or periphery. A is the dameter, 
AD or CD the radius. 

C:r. The circumference of every circle is divided into 360 
Gegrees, and is the moſt capacious of any figure. 

22. All figures that have more than four fides are called 
priygons, and are named from the number of their fides, and 
when their ſides are equal, they are called regular pelyg2tis, 


As if it be of f 

Five ſides - is - a pentagon. 
Six fides - - - - - an hexagon. 
Seven ſides s — an hcptagon. 
Eight ſides - - - - an octogon. 
Nine fides +—- - - - a nonagen, 
Ten fides - - - a decagon. 
Eleven fides - - - - endecagon. 
Twelve ſides - - - - Gdodecazon. 


23. A 


44 
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23. A problem is a prop tion which propoſes ſomething to FPS. 


be done. 


24. A theorem is when ſomething is propoſed to be de- 
monitrated, 


25. A core lay is a conſequence drawn from ſomething 
that has beer already demonſtrated. 

26. A ſcholinm is 2 remark cn any propoſition or corollary, 

27. An rim is ſuch a cormon, plain, felf-evicent and 
receive} notion, that it cannot be made more plain and evi- 
dent by demonſtration, becauſe itſelf is better known than 
any thing that can be brought to prove it. 


PROB. L 
To divide a given right line into two equal parts, that is, to 


bijeft a right line. 

Let the given line be AB, then with one foot of the com- 
paſſes in A, opencd to any diftance greater than half the line 
A B, deſcribe an arch, then with the ſame opening of your 
compaſſes {ct one foot in B, deſcribe another arch, and where 
theſe two arches cut one another, as in & and d, if the line 5 
d, be drawn, that will biiect the given line AB. 


PR OB. I. 

From a paint in à given line ts raiſe a perpendicular. 

Let A B to be the given line, and C the given point; take 
two points equally diſtant from C, as D, E, and ſetting the 
foot of the Compaſſes in D and E, opened to any diſtance 
greater than AC, firike two arches, and where they enter 
ſect one another as in 4, there diaw 4c, which ſhall be the 
perpendicular rcquired. | 

PR O B. III. 

A the end if a given line to erect a pertendicular, as ſuppoſe 
at 3 

At any convenient diſtance out of the given line as at E, 
ſet one foot of the compaſſes, and extend the other to the given 
point B, with this diſtance draw a circle, and from the inter- 
ſeQion in the given line as at D draw a line through the 
point E to interiect the arch above in C, then CB drawn 
will be the perpendicular. 

N. B. By this problem may as many perpendiculars as you 
pleaſe be raiſed from given points on à right line, as well as 
from the end. 

PROPBP 


12 


13 


14. 
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FIG. 


15. gruen point above that line, as ſuppoſe from C. 


16. Let it be required to lay down an angle of 30 degrees 39 


17. 
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P R O B. IV. 
on any given line B, from 4 


To bt fall 


From the point C deſcribe an arch as cd, cutting the line 
A B, then with the ſame diftance of the compaſſes and one foot 
in c and d; deſcribe two arches below, and where they interſect 
as at e, draw Ce, it will be the perpendicular required. 


„. 
With a given right line to make an angle of any number of 


degrees. 
Example 1. 


minutes on A B from the point A. | 

Take the diftance of 60 degrees with your compaſſes from 
the line of chords, then f-tring one foot in A, with that di- 
ſtance, deſcribe an arch as C D, then take 30 3c” from the 
line of chords, and ſet it off from C to D, then a line drawn 
from A through D, the angie D AC is the angle required. 


Example 2. 

To lay down an angle above go degrees. 

2 A — line A 4 to make an 
angle of 145 degrees. With the diſtance of 60 from the line 
of chords ſweep an arch, then fince the line of chords extends 
only to go degrees, ſet it off on the arch at twice; as firſt 
take go®, then 559 to C, and the angle is made by drawing 


AC. | ; 

| PROB. VI. 

Three lines being given ts make thereof a triangle. 

Let the lines be A, B and C, whoſe lengths are 12, 9 and 
e 

Make A C equal to the line A, or 12 from a ſcale of equal 
parts, take the length of the line B or q, and with one foot 
of the compaſſes in A, deſcribe an arch, then with the 
ike the extent of the line C, or 6 equal parts 


from the 
arch, and where they cut one another as in B, join AB 
and B C, and the triangle is conſtructed. 


PROB. 


c 
- 


Fig. 1. 
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Pzos. VII. -""_ 

To biſeft or divide an angle A B C into two equal parts. 

Set one foot of the compaſſes in B, and deſcribe an arch 19. 
b cat any extent, take þ d equal to half þ c, then through 4, 
draw the line BD, and the angle B will be divided into two 


equal paits. 

PRO B. VIII. 
Through a given point C to draw @ parallel line to a given 
nnn * 


Take any point in the given line A B, as F, and with the 20. 
diſtance F C, deſcribe a ſemicircle ; take the arch E D equal 
to the arch B C, then through D draw the line C D, and it 
will be parallel to A B. | 


PR O B. IX. 
To draw a circle through three points, as ABC, not lying in a 
ſtraight line. 
Join the points A B, and AC; biſect AB and BC 


$a (by 21. 
prob. 1.) then draw the biſecting lines E and F, and where 


they meet, as in D, then the point D is the center of the 
circle required. 

Cor. By having the ſegment of any circle given, the whale circle 
may be completed by taking any three points in the ſegment's arch, 
and proceeding as above. 


SCOLIUM. 

By this problem may be known what kind of ordnance an 
enemy makes uſe of by collecting the ſegments or pieces of 
the ſhell ſnot from their artillery ; for the circle may be per- 
fected by drawing two lines AB and BC, within the given 
arch, and biſecting them. 


PROB. X. 


To inſcribe in a given circle the fide of a pentagon. 

Draw the diameters AG and B H at right angles to one 22. 
ancther, biſe& the radius BC in F, and draw AF; make 
FE equal to F C. and through the point E, draw BD; 
then B D is the fade of the pentigon required, 


D PROP. 
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PROB. XL 
Ta inſcribe a circle EFG in a given triangle ABC. 
23. BiſeQ the angles B and C with the right lines B D, C, 
meeting the in point D; and draw the perpendiculars DE, 
DF, DG, from the center D; deſcribe a circle through E, 
and it will paſs through F and G, and touch the ſides of the 


FIG. 


Cor. For the angle DBE DBF by conflrufiion, and the 
55 11 F B, amd D B common, therefore D E = 


SC HOLIU u. 


be thus found. 
Let AB=12; AC=18; BC==16. 
1. AB+BC—-AC=BE+BF=10,andBE=BF=5. And 
AC=AE+FC: alto FC=CG. 
Therefore BC-BF =FC=CG=11 ; and BA—=BE=AE 


=AG. 
PR O B. XII. 
Ta deſcribe a ſegment à circle upon a given right line A B, that 
ſhall contain an angle equal ta a given angle F. 

Make an angle B A E equal to the given angle F. From 
G, the middle of A B, raiſe G C perpendicular to A B, and 
draw A C perpendicular to A E, cutting GC in C; with the 
radius C A from C, as a center, deſcribe a circle; then will 
the ſegment ADB contain an angle ADB equal to the 


ven angle. 
n R O B. XIII. 
Upon a given right line A B, to deſcribe any regular polygon. 
Divide 360 degrees in a circumference, by the number of 
ſides of the required polygon, and the quotient is the angle 
at tne center; and the angle at the center taken from 180 
degrees, leaves the ang:e at the circumference. 


Hence is conſtructed the following 


24. 


TABLE. 


us Os» vw 


ts 
* 


E 
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F 
TABLE. *m 

| Pol Equal « the | 
ygons q les at the | Angles at the 
names. ſides 8 circumference. 
Trigon 3 | aw” off 60% oc 
Square 4 go o go o 

Pentagon 5 72 oo 108 co | 
Hexagon 60 co 120 co 
Heptagon 4 51 257 128 347 
—— 45 oo 135 oO 
onagon 9 40 oo 140 oo 
Decagon 10 36 oo 144 ©o 

| Endecagon FE GE 43Jir| 147 16tr 
Dodecagon | 12 30 oo | 150 oo 


The uſe of the above table is to conſtruct any of the 
regular polygons upon a given right line, as follows. 


Example 1. 
ps hn By LES e 
At A and B make the angles D * to 120 degrees, 25» 
in the tbl, then draw AC and B each equal to AB; 

C and D 55 each equal to 120 degrees as 
before, and make GED — to AB, draw EF 
and the hexagon is conſtructed. 

Example 2. 


Upon a given line A B to conflruft a pentagon. 
Make the angles A and B each equal to 108 degrees as in 26. 
the table, then draw the lines A C and BD each equal to 
the given line AB; on the point C and D, with the com- 
paſſes opened to the diſtance AB, deſcribe arches croffing 
each other in E, and the pentagon is conſtructed. 


By the ſetter. 
| But ſuch like queſtions as theſe relating to 
gons may be ealily anſwered by the ſcales of polygons on the 
inner fide of the fector marked pol. theſe ſcales begin at 4 and 
figured backwards is 12 * the tranſverſe diitance * 
| 3 = 
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to 6, (which be opened to any diſtance) is equal to the 
nit o& ts cb — fe pete „the legs of 
the ſector being kept open at the required di z then the 
interval between 5 and 5, is the fide of a pentagon ; between 
6 and 6, is the fide of a hexagon; between 7 and 7, is the 
— between 8 and 8, is the fide of an octa- 
gon, 

Or if you would have the radius of a circle circumſcribing 


a regular polygon, open the ſector till the tranſverſe diſtance 
be equal to the fide of the given polygon, the ſector being 
kept at that opening, the interval between 6 and 6 is the ra- 
dius of the circle, in which that polygon may be inſcribed ; 
this being ſo plain, examples would be needleſs. 


— ——_ 


— 


—Bk A 


Some of the moſt n ſeful THEOREMS in plane Geometry 
demonſtrated. 


T will be proper to premiſe firſt the following axioms, 
being ſelf-evident princi 


I. Things that are equal to one and the ſame thing, are 
to one another. 


2 5 things be added to equal thing, the ſum will 


If equal things be ſubtracted from equal things, the 
remainder will be equal. 


IV. If equal things be multiplied by equal things, the pro- 
duct will be equal. 


V. If equal things be divided by equal things, the quotient 
will be equal. 

VI. Things which being laid upon one another do agree, 
or meet in all their parts, are equal to one another. 

VII. Every whole is equal to all its parts taken together; 
and therefore every whole is greater than its part. 

VIII. All right angles are equal the one to the other. 


THEOREM I. POR 
a right line flands upon another right line, the angles whic 
LR > wks gas 
to two right angles. 
DEMONSTRATION. 


Let the lines be AB and CD manting ts the gates G; 
Then 


upon which point deſcribe any circle at 


7 a 


P. III. GEOMETRY. 


Then the arch A D is the meaſure of the . A CD, 
arch DB = 04 PEW HE N 
180 degrees, ſince complete a ſemicircle ; con 
 ACD DEB br honed t angles. Q. E. D. 
Carullary 1. Hence it follows, that if ,. ACD = 90, 
then muſt  D CB = 90 but if ACD be obtuſe, then 
40 


the 4. DC B will be acute. 


Cor. 2. And if ever ſo many right lines ſtand upon 
lin» at one and the fame point, all the angles taken 
will be equal to two right angles. 


THEOREM IL 


S other, the twe oppoſite angles will 
be eq 


DeEmMonsTRATION. 


in B. | 
Then by theo. 1. 4 ABD + 4; DBC=180* = 4 
DBC + 4 CBE; hence by axicm 3. 4 ABD = 4 
"2 te en DES; DOE = 2 AD, 
F ho 

yy Hence it is evident that if two or more right lines 
interſe& each other, in one and the ſame point, they will 
make twice as many angles as there are lines; and all the 
angles that are capable of being formed about one point, are 
equal to a whole circ'e, or 360 degrees. 


THEOREM III. 
Any right line cr:ſſing two parallels makes the alternate angles an 
the ſame fide equal to one another, i. e. C AHF = 4 CGF. 
Deg MoNSTRATION. 


Let the two parallel right lines A B, C D be croſſed by 
the line E F. 

Since parallel lines are ſuch right lines, in ſome plane, 
which if infinitely produced will never meet, and Th. parallel 
lines muſt have the fame inclination to any right line that 


crotieth them, and conſequently £ AHF = 4 CGF. 2. E. D. 


THEOREM IV. 


Any right line croſſing two parallels (fee the laſt figure) makes 


the alternate angles on different fides equal, i. e. 5 AHG 
HGD. 


D 3 Da uon - 


Let the two right lines be A C, DE, crofling each other 28 


29 
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DzmonsTRATION. 
I | AGH SCG. 


ö Ftc. 


By th. 3 
Th. 2.2 CGF S = HGD. 
By Ax. 1. 1=2. 3[ZAGH S 4 HGD. 2E. D. 


| THEOREM V. 
If a right line croſs two parallels, the two internal angles are 
equal to tw? right angles, i.e. þ AHG + Z CGH = 1807. 


DEMONSTRATION. 


By theo. 4. AHG = 4 HGD, and by ax. 2. adding 4 CGH 
to both fides we have ; AHG+ 4 CGH= ; HGD + CGH, 
but ; HGD + ; CGH = 1807, and therefore by ax. I. 
+ 4 CGH=180%. . E. D. 


THEOREM VI. 
The three angles of every plane triangle are equal to two right 


angles. 

De MonsTRATION. 
30. Draw the right line D E through the angular poĩnt C, and 
parallel to the fide AB. Then by theo. 4 LA=4ACD and 
4 B= 4 BCE; hence by ax .2. A+ £B=ACD+ £ BCE, 
to which add the  ACB, and we have £ A+ CBT ; ACB= 
LZACD+ 4 BCE + ; ACB ; but ZACD + BCE + ZACB 
=180* by cor. 2 to theo. 1. hence by ax. 1. {A + CB 
£ACB=1i80%= two right angles. . E. D. 

Corcllary. Hence if the ſum of any two angles be ſubtracted 
from 180% the remainder will be the other angle; and if one 
angle of a plane triangle be go?, the ſum of the other two 
acute angles will be equal to go®. 

THEOREM VI. 
quantities themſerues are thereby given. 

For half the ſum added to half the difference gives the 


greater, and half rne difference ſubtracted from balt the ſum 
gives the lefier quantity. 


DEMONSTRATION. 

1. Let AB repreſent the leſs, and B C the greater quantity, 
a make DC = AB, biſect BD in E, then will AE EC 
half che ſum, and BE ED = half che difference; hence it 

is 
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$4 and I 4 and AE-BE 
leſs quantity. 2. Z. D. ; * 
THEOREM VII. 


D 


DEMONSTRATION. 


We By theo. 1. DAC T 4 CAB= 180), and by theo, 6 4B 32. 
PP, + 4. C+ 4 CAB=180?, hence by ax. . + DAC+CAB= 
£B+ 4C+4CAB, and ſubtracting / CAB from both ſides 
there will remain £B + ;, C= ; DAC. 2. E. D. 


THEOREM IX. 


H. 
G In every plane triangle, equal ſides ſubtend or are oppoſite to equal 
les ; and conſequently equal angles in the ſame triangle 


DeMonsTRATION. 


Let the triangle ABC be iſoſceles, that is, let AC=BC, 393 
then I ſay, CAS B: for let AB be biſected in D, and CD 
joined; then ſince AC=BC, AD=DB, and CD common; 
if the triangle CDB be placed upon ACD, fo that CB lie 
upon its equal AC, then muſt the fide DB fall upon its equal 
AD, and the line CD upon itſelf being common; and Ih. 
the triangle CDB will coincide in al! its parts with the tri- 
angle ADC, hence by ax. 6. Ag BB. 

Cerollary. Hence it follows that the three angles of every 
equilateral triangle are equal to one another, and therefore 
each equal to 60 degrees. 

THEOREM X. 
In triangle the gr eate ends the greateſt angle; that 
i, if AC be greater thaw r 
the 4 BCA. 


8 NK Twl Paz T 


DEMONSTRATION. f 


Make AD = AB, and join the BI). Then by hes. 1. 34. 
LABUY=Zz ADB, and by theo. 8. + C+ Z DBC= £ ADB. 
Therefore by ax. 1. CCT 4 DBC= 2 ABD. But ABC is 
grearer than its part ABD by ax. 7. Wherefore 4 C + DBC 
mult be leſs than CABCC, and conſequent'y £4 V& is leis than 
£ABC. & Z. . 


5 * 


. 
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Firs. THEOREM x.. | 
In any right angled triangle BPH, the ſquare — . 
the hypothenuſe H, is equal to the the ſquares BB, PP 
— ——- * : 
DemMonsTRATION. 

35- Make a ſquare whoſe fide is equal to B+P, and let that 
ſquare be repreſented by 8, fo will its area be BB + 2BP + PP. 
Alſo. the fum of the areas of the four triangles included in 
that ſquare, will by menſuration be ZBP x 4=2BP. 

I fay, HH =BB+PP. 
For | 1 | S=HH + 2BP. 
and | 2 | S=BB+2BP+ PP. 
1=2 | 3 HH + 2BÞ=BB + 2BP + PP. 
3—2BP | 4 | HH=BB+PP. 
Corollary 1. 
| I H=vBB+4 PP. 


For | 2  HH=BB+PP. 


T 
2 

2—PP 3 BB=HH—PP. 
4 


Zuv2 B=vHH—PP. 
1 

| | i: | P=v HH—BBE. 

For | 2 | PP+BB=HH. 

2—BB | 3 | PP=HH—BB. 

Zuu2 | 4 | = HH —BB. 


Or this DemonsTRA'TION. 


Let ABC be the right angled triangle, make CAD g), 
36 and draw 122 A by 


N . . . * Wo 
Theo. 19. following BC: BA:: BA: = DB. 
Then will DC = — AC :: AC : BC, and multi- 
plying extremes and means, we have ad | ak 


THEO- 
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THEOREM XI. 
In an obtuſe angled triangle ABC, if a be let fall 36. 
the baſe ; Ir one fide adjoining to the obtuſe angle B, then the 
angle is equal to the ſum 
with twice the 


Fic, 


Dz MONSTRATION. 


I fay AC*=AB*+ BC* + 2CB x BD. For AC*=CD*+ 
AD*=CB* + 2CBi>+ BD*=CB* + 2CBD+ AB; 


AC —_CB*—_4aB* 
Cor. Hence BD 


THEOREM XIII. 

If a perpendicular be let fall upon the baſe, or fide adjoining to 37. 
the acute angle B, then, fit 

The ſquare of the fide oppoſite to that acute angle, together with 
twice the rectangle, 4 the haſe, and the diſtance of * 
from the acute angle ; is equal to the ſum of the t of the 
tuo other fides : AC*+ 2CB x BD=AB* + BC®. 

DEMoNSRRATION. - 
For AC*=AD*+ DC*= AD* + BC* + BD*——-2BD x BC 
=AB*+ BC*—2CBD. And AC*+2CBD= AB* + BC*. 
AB2+RO2z—AC? 
Cor. BD= —S . | 
THEOREM XIV. 
The diagonal of a parallelagram divides it into tus equal triangles. 3 | 
DzMoxsTATION. 
Since AC, BD, and AB, CD, are parallels. 
By theo. 4. | 1 | LACB=4 CBD. 
And | 2 } 4 BCD=Z ABC. 

Therefore | 3 |} AABC= ACBD, being equiangular tri- 
angles, and A C common, and equal to oue another in 
every reſpect. 2. E. D. 

THEOREM XV. 
Paralle!:;rams having the ſame baſe and altitude, are equal. 
DEMONSTRATION. | 

Let the two parallelograms ABFE, CDEF, ſtand upon 40. 
the lame bale EF, and between the tame parallels EF, AD. 
Then 


| 
| 
| 


_ 
„ — 2 — kͤkĩä wx— — — —— —— 
— 


Since 
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Fig Since | 1 ] ABZ=EF=CD by conſtruction. 
Theref. 2 AC=BD, and 
Becauſe | 3 AES BF. 
. And 4 CAS CB. 

Then | 5 | AACE= ABF D, take the triangle BCG from 
both, and there remains the trapezium ABGE=CDFG3; add 
the triangle EFG to both ſides, and the ſum is 

DmMABFE=SCDFE. 2. E. D. 
Ceroilary. Since the diagonal of every parallelogram divides 
it into two equal triangles by theorem 14 ; iherefore triangles 
conſtituted upon the ſame baſe, and between the ſame pa- 
zallels, are equal. 

Lemma. A right line is ſaidto be multiplied by another right 
A B line, when a right 


"Sw: ww TIS * 


5 


DDr eee 
is made tv o 
9.449] — [22 [o3l rg rg [ot eo; that is, the 
r7|18|[19]20[21 | 22 23] 24} product of the two 
25 | 26| 27 | 28 | 29 | 30 31 | 3%} numbers Which ex- 
D C preſſe the equal parts 


in the two fides, are equal to what Mathematicians call 
the ſuperficial content or area of ſuch figures, or they are 
underſt od to contain ſo many littie ſquares, whoſe ſides are 
each equal to one of the equal parts with which the ſides 
were meaſured. Thus for inſtance, let AB=CD=8$, aD= 
BC=4, then AD x AB=4 x 8= 32, which is the area ur 
number of little ſquares contained in the parallelogra:n, as 
appears by the figure. | | 
THEOREM XVL 

Paral'clograms, and alſo triangles, that fland hetween the ſame 
parallels, or which have the ſame height, are in à direct proportion 
ta ane anather, as their buſes. | | 


DemonsTRATION., | 


which aveas are in the proportion of DE : EF. 
For BEN DE: BEx£#F::;: DE: EF. 
That is, S BD: BF:: DE: EF. 
a DBES= TB 
. byte 6 {PRES rr 
Then will A DBE: A EBF;:DE: Ek. 
2 TFT. D. 


T HE O- 
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THEOREM XVI. 
ght line be drawn parallel triangle, 
2282 om the giuen — 2 7 —_ ihat 
il be nil or equiangled to the whole triangle. 


DzmonsT® ation. 


By theo. 3. Bg C, E= 4D, and fince 4 A is com- 42. 


mon, it is cvident that the triangle ABE is fimilar or equi- 
angled to the triangle ACD. 2 E. D. 
THEOREM XVIII. 
If a perpendicular be let fall from the righ! angle of a rioht an- 
RN rn — 
two right angled ones, ſimilar to the whole and to each other. 


DemonsSTR ATION. 


Draw the lines as by the figure where 2 CDB= 2 BDA= 

CBA =9go*® therefore 4 CBD TZ DBA go, and by cr. 

. 6. ,C+ 4 CBD=9g0®, hence by ax. it. 4CBD+/; 

DBA=Z2C+ 4 CBD, ſubtract CB D and there remains . 
DBA= LC. 

In like manner 2 A+ 4 ABD= £4 ABD + 2 DBC=9o®, 
and ſubtracting DBA, we have Ag 4 DBC: hence it is 
proved that Ze DBA, and £ZA= / . DBC therefore the 
wiangles CDB, BDA, CBA are ſimilar. 2. E. D. 


SC HOLIUM. 


fimilar triangles CDB, BDA, CBA. 


CB:BD::AB: AD. 
CB: BD :: AC: AB. 
AB: BD::CB: DC. 
DC: BD > 2 BD: AD. 
AD: AB:: AB: AC. 
CD:CB::CB: AC, 
CD: BD :: CB: AB. 
AD: BD :: AB: CB. 


THE O- 
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THEO REM XIX. 
7 —_— the 


—_ 
44- 4 to CB, then will the triangles ABC, 


- Fic. 


5 ͤ—— 1 


AED be be DB and CE, then by cor. to 
| Then. og NEC = ADBE. 
1 By theo. 1 ADE: AABD::AE: AB 
N And | AADE : ACE :: AD : AC. 
the ADBE= AECD, therefore AABD= AACE., 


THEOREM XX. 


Since 
Hence AE: AB:: AD: AC. 2. E. D. 


any angle re it 
the Jie in progericen ts the ether two fides of the 


Dt monsTRATION. 
Produce the fide DC till CZ=CB, join ZB, and draw 
to BD, then will che winagies CFZ, DCA be 


LZCF= 4D. 

| £Z+ 4 ZBC= 7; BCD. 

| 4 £=£ZBC. 

Ka. 

£Z=4ACD. 

 LA=EF. 

| 4 BCA=2Z2 FBC, the lines CA, ZB, are 
parallel, and 

| BA=FC, and | 

90 | BA (=FC): BC (AC) :: AD: CD 

| | or which is the 

10 AB: AD:: BC: CD. 


THEOREM XXI. 


. If a right line be divided inte two parts or ſegments, the ſquare 
| of the whole line will be equal to the ſquare of each ſegment, together 
with @ double rettangle of the ſame ſegments. 


45- 


— 


ens 


9. E. D. 


5 | DemonsTRATION. 
| 46. Let CG be the ſquare of AC and GE that of AB, and let 
HE, DE be produced to meet the ſides of adn nad; 


Geometry 


P. III. GEO METER. 45 
B and F, then fince DE=EH, EC will be the ſquare of BC, Fic. 
and AE, FH a rectangle under A B, BC, but CG=GE 
+EC+ AE + FH; thats, AC"=APR *+ BC>+2AB x BT. 


thus, 

Let the given right line AC be cut any wiſe as in B, then 
the ſquare deſcribed on the whole line AC is equal to the 
ſquares deſcribed on the ſegments AB, BC, and to twice z 
rectangle made of the ſegments AB, BC, together. 

For AC x AB=AB* + AB x BC. 

And AC x CB=CP*+ CB x AB. 


Theref. AC*=AB*+CB*+2AB x CB. 
In numbers. 


Let AC=10, AB=6, and BC= 4, 
Then AC x AB=10x6 .-. - 260, 


92 5 
AB x BC=24 =60, 
Alſo AC xCB=10x4 - - =40, 
CE» = 161 bs 
CB x AB=24 +...» 


Theref. AC *= AB" + CE* + 2AB xBC= 100. 


THEOREM XXII. GEM 
The angle at the center cf any circle is double to the angle at the 
periphery, when beth the angles fland upon the ſame arch. 
DEMONSTRATION. 


Caſe I. 

Let the diameter AD and line BD form the angle at 47. 
the periphery, draw the radius CB, then I fay, ZACB is 
double . D. | 

For | ; BCA=42D+ 4 DEC, by th. 8. 
But | 4 D=DBC, by th. . becauſe DC=CB. 
Thercf. | {4 BCA=24D. 


Caſe II. : 
Draw the Diameter AD, then by 48. 
Caſe I. | 1 { ACB=24 ADB. 
And | 2 | ; ACE=2 4 ADE. | 
1+2| 3| 4ACB+ £4CE=24ADB+22ADE, by 
| AX. 2. 


That is, 4 ECB, EDB. 


c 
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Fic. Caſe III. 
Caſe I | LACB=2LADB. 
2 | 4 ACE=22 ADE. 
z—2 | 3] 4ACB— ACE = 2 zADB— 2ADE, by 
4 


ax. 3. 
{ECB=22 EDB., 


or, Hence all the angles at the periphery that ſtand 
upon the ſame or equal arches are equal to one another. 


THEOREM XXII. 


The angle in @ ſemicircle is @ right angle. 
DremonsTRATION. 
30.7 Let ABC be the diameter, and draw the radius BD, then by 
Th. 9. | : | LA=£4 ADB. 
And | 2 | 4 C= 4 CDB. 
+2 | 3 | LA+ £C=2ADB+ 4.CDB, bya x. 2. 
is 4 £A+,C= 4ADC. 
But [5 | ;A+4C+ zADC=1809, and 
Theref. 6 ADC =90®. 2. E. D. 


THEO REM XXIV. 
An angle in a ſegment leſi than a ſemicircle is greater than a right 
angle, and an angle in a ſegment greater than @ ſemucircle is leſs 
than a right angle. 
DEMONSTRATION. 

31. Let the / ABC be an angle in the ſegment AEBC 

than a ſemicircle ; and ADE an angle in the ſegment CDA 

lefs than a ſemicircie. Drew the diameter CE, and; join BE, 

ED, then by theo. & 4EDC=gc? EBC, it is thence 

evident that ADC teatet inan £EDC, and alſo chat 

4 ABC is leſs than Track 


TH EO REM XXV. 
If two lines be any how drawn within a circle cutting each other, 
the rectangle of the ſegments of one line will be equal to the rectangle 
of the ſegments of the ather line. 


DemonsTRATION. 

52 Join the poin's 4, b, and c, d, then will the triangles gab, 
and cod be ſimilar, tor Cag Cc. £b= d, by cor. to theo. 
20, therefore by theo. 19, c:: 4: 0b. And by multi- 
plying extremes aud means we have co X6b = ao i 21 * 

Tt H E Q- 
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THEORE Mu xxvi. Pic. 
e r 
* 8 nc 
N F the rectangle of the ather whole 
line, and its part without the circle. 


DzMoxnsTRATION. i 
Draw the lines BC, AD, then the triangles VBC, VAD 
are ſimilar, for 2D 22 b cor. tu theo. 22, and > 
mon, hence VB: VC: VD: VA by the. 11, and multi- 

plying extremes and means VBx VA=ZVCxVD. 


2. E. D. 
THEOREM XXVI. 

The chord of 60 of the arch of any circle is equal to the radius 

5. of that arg 
DEMONSTRATION. 

Let BC be an arch of 60, BC its chord, then 4 COB= 54. 
60®, and ZAOC=120*= 4C+£4B, by theo. 8. but fince 
OB=OC the le CB, and therefore each = 609, 
therefore fince all the angles are equal the fides muſt be 
equal by theo. . that is, BO=OC=BEC the radius. 

Corollary. Hence the reaſon is evident why 60% is taken 
from the line of chords on any ſcale for the radius of a circle 
ſuited to that ſcale. 


THEOREM XXVII. 
If any trapezium be inſcribed in à circle the two of pofice angles 
ws tog ether are equal _—_ right angles. 


DemonsTRATION. 

Draw the diagonals AD, CB. 

Then ZADC= 4 ABC, and 4; ACB=: ADB, by cor. to 35.7 
theo. 22. But 4 CAB+ 27 ACB+ 2 CBA= 1809, by thes. 
6. And ſince 2 CDA + 4 ADB= 4 CDB, therefore CB 
+ 4. CDB=180®. 

In like manner it will be proved that the angle ACD + 
4 ABD= 1809. 2. E. D. 

THEOREM XXX. 

I from any angle of a plane triangle inſcribed in a circle, there 
be let fall a perpendicular upon the oppoſite fide ; as that perpendicu- = 
lar is in proportion to one of the ſides including the angle, ja is the 
ather fade including the angle ta the diameter of the circle. f 

Ds uoe- 
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DemonSTRATION. . 
the diameter BD, and join CD, then the triangles 
BCD, are fimilar. 
= 4D, by cor. th. 22. 
= CD Yo. th. 23. 
: AB:: BC: BD, b. 11. 2. E. D. 


THEOREM XXX. 
trapezium be inſcribed bed in à circle, there be drawn two 
ir reftangle is equal, to the ſum of the rectangles under 
the oppoſite fides of the trapezium. 
DzEMonsTRATION. 
57. Make ;DAM= Z CAB, then the triangles AMD, ABC, 
are fimilar, fince + MDA = 4 BCA, cor. to the. 22. Hence 


AC : BC :: AD: DM, by #6. 11. and AC x DM=BC 
x AD. 


An, the triangles BAM, ACD are ſimilar. 
or | 1 |] 4 ABM= 4 ACD. 
And | 2 | 4 BAM=Zz CAD. | 
Becauſe | 3 | 4 MAD= 4 BAC, and CAM common to 
to both triangles. 
Theref. 4 | AC: CD:: AB: BM, by 80. 11. 
Hence 5 AC x BU=CD x AB, to which add the 
quantities before found, and we have 
161 CDX AB+4BCXAD=ACxBM+ACzx 
| [PM=ACxBM+ DM=ACxBD. 2A. E. D. 


THEOREM XXXL. 

The ſquare of the right line biſacting any angle of a triangle and 
_—- in the oppefite fade, together with the rectangle unter 
the two ſegments of that ſide, is equal to the ref angle of the frdes in- 
cluding the pr angle. 

DeMmonsTRATION. 


58. Circumſcribe the triangle ABC with a circle, produce CD 
to meet the circumference in E, and join AE, then are the 
triangles ACE, BDE fimilar, 

or | 8 | LE = CB, by cr. th. 22. 
And £ ACE = 4 DBC, by hypotheſis. 
Hence | 3 | CE:CB:: AC CD, by th. 11. 
Theref, | 4 | CExCD=CB x AC, 


. 
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1 
But 5 CD x CE=CD x CL + DE. | 
=CD*+ DE 2 CD=CD* + AD x« DB, by 25. 
BL. > 
Conſeq. © | ACxCB=TD*+ AD x DB. 2. E. D. 
Fs THEOREM XXXIL 
The henuſes of any two ſimilar right angled triangles 
made fon? of two circles, the perpendiculars, and baſes in 
cwill be in proportion to each other, as the ſines of their oppoſite angles 
e anſwering each radius. 
| DemMonsTRATION. | 
Let the two ſimilar right angled triangles be ABC, and 39 
Alc, making the hypothenuſe the radius, then BC is the fine 
CA, when AC is made radius; and bc is the fine of (A when 
Ac is made the radius; then by theo. 11. 
Ab: AB:: 66: BC. 2E. D. 


| THEOREM XI. 
If the any two ſimilar right angled triangles be made the 
4 of —— le. the perpendiculars and the hypathenuſes in each 
0 will be in proportion to the baſes as the tangents and fecants reſ- 
pettively of the angle at the center, anſwering each correſponding 
radius 


Fic, 


| 


v0 we 


] DeMonsTRATION. 
Let the two fimilar right angled triangles ABC, Abe: be 60. 
c p:opoled, then by theo. 1x. it will be, 
. Ab:bc:: AB: BC. 
Ab:Ac::AB: AC. , 9. E. D. 
Corolla: y. Whatever proportion any fide of a given right 
4 angled triang'e that is made the radius or ſemidiameter of a 
T 


tirele, hath to the aſſumed radius 1000000000 in the tables 
of fines, tangents, and ſecants, the very fame proportion hath 
the other ſides of the given t. ĩangle. 


Es lines 
When they become {ranges 


THEOREM XXXIV. 
Or Axiom 1. of Plane Trigonometry. 
As the word on the fide given in any right angled triangle 
from the table of tines, tangents, and Kr the tide 
& given 


50 GEOMETRY. P. III. 
given, fo is the word on the fide required from the ſame t. 
Fog. pron, Bk required from tables, 


Demons TRATION. 


61. I. when the bypothenuſe is made radius. Let mn be 2 qua. 
drant of the tabular circle whoſe radius Ac is 1000co00000, 
and from thence the whole canon of fines, tangents, and ſe- 
cants are conſtructed and difpoſed into tables. 


AC=radius . - 
bc=fine . A — in the tr 
a=. from the tables (ate gle ABC. 


And fince the tabular triangle Abc is fimilar to the given 
triangle ABC, we have 
Ac: AC:: bc : BC, i. e. radius: AC : ſine g A: BC. 
Ab: AB:: bc: LC, i. e. fine CC: AB:: fine ZA: BC. 
II. Making either leg radius. 
Here Abc is the tabular triangle, and ABC is the triangle 
62. given to be ſolved. 
Ab the radius 
be tangent LA ſrom the tables. 
Ac ſecant LA | 
AB the radius 
BC tangent a. in the trianglcs given. 
AC ſfecant ZA - 
And ſince the triangles ABC, Ab; are fimilar, it will be 
Ac: AC:: As; AB. i. e. tecant CA: AC:: radius: AB, 
Ab: AB:: bc: BC, i. e. radius: AB : : tangent A: BC, 
DV, E. D: 
THEOREM XXXV. 
Or Axicm 2. of Plane Trigonometry. 


The ſides of any plane triangle, are in proportion to ons 
another as the fines of their oppolite angles. 


DzmMonsTRATION. 


Preduce the fide AC to 4, fo that At=ZC, and let fall the 
cerpenticulars Cx, m, then will 4= hae CA, and Cu 
line B. low the triangle AzC is fiauilar to the triangle Aim. 

Therefore AC: Cn:: At = EC: mit, that is, 
As AC : is to the fine of its oppoſe argleB;; 
So is BC: to line of its oppelite A | 2. E. D. 


- 


THEO. 


r „ ee 8 
SY — * 1 


ot 


D—————— — 


| 


=> —— 


THEOREM XXXVI. 
Or Axiom 3. in Plane Tri onometry. 
In any plane triangle, as the ſum of any two ſides is to 
their difference, fo is the tangent of half the ſum of their op- 
polite angles, to the tangent of half their difference. 


DemoxsrtRATION. 


Let ABC repreſent the triangle, on the center C with the 64. 
radius CB deſcribe a circle ; produce AC to F, join FB, BD, 
and draw DE parallel to AB, then the ſum of the ſides AC, 
BC=AF, and difference of the fides AC, BC=AD. 

But 4A + Z ABD= 4 BDC= DBC, and adding Z ABD 
to both fides, we have AT 4ZABD+ ZABD S 4 DBC + 
CAD, that is, Z A+24ZABD= £4 ABC, hence 2 ABD is 
= diff. angles A and ABC, and conſequently half their diffe- 
rence is = ZABD= 4 BDE, whoſe tangent is BE. 

Again fince ZA+ £ABD= 2 BDC, and BDC 
DUC, it will be CAT ZABD+ 4DBC= zBDC+ £DBC, 
that is LA + £ABCT=2 2 BDC, hence £BDC= half the 
ſum of the angles A, and ABC, the tangent of which is BF, 
then knee the triangles DBE, ABF are fimilar it will be 

FA: :: 2. A. A 
THEOREM XXXVI. 
Being Axim 4. of Plane Trigunometry 

In every plane triangle, as the baſe is to the ſum of the 

ether two tides, fo is the difference of thoſe ſides to the diffe- 


rence or the ſegments of the baſe, made by a perpendicular 
let tall from the angle oppoſite to the baſe. 


I 
Fic, 


Dr monSTRATION. 


Upon Cas a center wich the radius AC deſcribe a circle, 6g, 
then the ſum of the ſides AC, CB is = GB, and their diffe- 
tence, that is CB— ACL = FB; alſo it is evident that EB is the 
difference of DB and AD the ſegment of the baſe; then from 
vrhat i: demonſtrated in theorem 24 we have 

AB: BF:: BG: EB. 
AB: BG:: BF: ERB. 
. 


E 2 To 


W 
To multipy FEET and INCHES, 


„ U 44 E. 

2 RI” oy 
2. inches inches 8 
the products divided by 12 gi ey Legs fum of 
— 


| Example 1. 
Multiply 16 feet 6 inches by g feet 3 inches, 


ft. inc. 


r. m. To multiply FEET and INCHES. 33 


rn Sc. meaſure their 
work after — Er POGTnge 


Example. 
A room 18 feet ꝙ inches long, and 12 feet 6 inches wide is 
+4 3 how many yards; when it is 8 feet 6 inches 


54 To multiply by FEET and INCHES: P. 


Examftle 2. 
A board 17 feet & inches, by 16 inches. 
ſt. inc. or thus 


142 


( 5s 1 


Fre 


Fa YT IV. 


T HE 


Meaſuring of Areas and Surfaces, 


144 ſquare inches 1 ſquare foot 
g ſquare fect - - 1 ſquare yard 
4*40 yards 
1210 yards - = 
30.25 yards - 1 perch 
Alla mnooooo hnks - - 
- - 1 rood 


25000 links - 
625 links - 


PROPOSITION. L 


To meaſure a Square. 
RULE. 
Square the fide, the product is the area, in ſuch a name as 
you multip.ied the ſide by. 
Frame 1. 66. 
There is a ſquare caurt- yard whoſe fide AB meaſures 
79 feet 3 how many ſquare yards is the area, or content:? 
79 
79 


— 
— 
711 


333 


96241 feet 
yards 693 4 tet. 


Example 2, 
There is a ſqure clofs that meaſures $14 yards on 2 fides 


What is the area ? | 
| E 4 81.73 


— « w 
m 
- » . 
3 \ 


56 MENSURATION. 
Fic. | 81.75 
81.75 
40875 
225 
175 
65400 


4840) 6683.0625 ( a arca 


— — 


1.5228 
40 
A. R. P. 
Anſwer 1 1 20 20.9120 


Cor. The ſquare root of the ares of any ſquare gives the 
length of the fide. | 


PROPOSITION I. 


To meaſure @ Parallelogram. 
R U LE. 
Multiply the length by the breacth, the product is the 
content. 
Example 1. 


© There is a parallelogram ABCD. whoſe length AD is 
7 fee:, and breadth AB 22 feet, required the area in yards ? 4 
43 | 
22 


86 
80 


9 ) 946 arex in feet. 


yards 105 1 foot 
But the finding the meaſure of land js beſt performed by 


Of GUNTER” CHAIN. 
Gunter*s chain is the moſt commodious of any chain for 
meaſuring land ; it is 4 poles in length, or 22 yares; divided 
into 100 links with pieces ef notched braſs at every 9 


AE 
* 


2 


LFTIT 
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and the number of notches or points on the braſs denotes the 
tens from one end ; but in the middle or 50 links, it is com- 
monly diſtinguiſhed by a round piece of braſs; and it is fo 
numbered from both ends to the middle; but thoſe that are 
above 50 are the complements to 100, as 30 links from one 
end is 70 from the other, &c. 

To Gaſt up any ſurvey by the chain, reduce the chains and 
liaks into links, which is no more trouble than to put dewn 
the links on the right hand of the chains. 


ch. lin. lin. 
As 934 = 934 
11 59 = 1159 
13 00 = 1700 
4 08 = 408, 2. 


Always remembering to put down two cyphers to the chains, 
if there be no links; and if the links be under ten, to put a 
cvpher in the ten's place; then multiply accordiag to the rule, 
and having c{t up the contents a-cording to the figure, fer 
off five figures of the product, th: fe on the left will be acres; 
the five that were pointed off multiply by 4, and ſet off five 
figures, thoſe on the left are roods; the five figures that remain 


which were pointed off, multiply by 40, thuic on the left are 


ovens, 
Example 2. 
There is a cloſe inform of a parallelogram whoſe length 


meaſures 13 chains 55 links, and breadth g chains 83 links, 
what is the content | | 


| 
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Fic. Cir. If the area be divided by the 3 — 1 ? the quoticnt 


breadth . j 
length f as is required. 


Zrample 3. 
A cloſe mes ſures 13 ch. 55 links long, and I want to ſet 
off 5 acres 1 7204 24 poles along the fide of it how broad 


gives the | 


mut it be? 
links 

A 50 oo 
1 ro‚ο] - - - 25000 
24 p. X23 - J$000 

: "OY 

7 255)540000( 39778. 
Or 3 chains 57; links muſt be the breadth. 
PROP. HL 
To meaſure @ triangle. 


RULE. 
Multiple the baſe by half the perpendicular; 
Or, Nioltiply the perpendicular by half the baſe; either 
product is the area. 
Or, Multiply the baſe and perpendicular together, half 
the product is the arca, 
| Example 1. 
68. The baſe AB of a triangle meaſured 8 chains 20 links and 
perpendicular CD 5 chains 31 links, required the atea:? 
836 
531 


836 
2508 
4180 


2074-43916 
Area 


2.2058 


%. 


P. IV. MENSURATION, 8 
Area 2.21958 


4 
A.R.P. 
87832 2 © 35 
40 
35-13280 


— When twice the area of a G is divided by 
dale 


—— 
— the quoticnt is the © 5 per —* 1 is 


c quited. 
Exerple 2. | 
The area of a triangle is 168, and thc baſe 24, what is the 
perpendiulaz? 
168 area 
2 


24) 326014 perpendiet lar 
2 
*s 
96 
96 


PROP. Iv. 
Given the three fides of a triangle ts fiad the area. 


RULE. 
From half the ſum of the three ſides, ſubtract each fide 
ſeverally, multiply the balf ſum, and the three differences 


continually together, the ſquare root of the product will be 
the ares required. 
Example. 


There is a triangle whoſe ſides are 50, 40, and 30, what 
* the ſum, half =6 
. 120 the ium, o. 
From 60 69 
50 NP 30 
— A ff. 
10 890 20 
Then 60 x 10=600 x 20= #2007 x 30 36CCccs 
Ibs ſquare root of 36 $ = , ares | 
| PROP,. 
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PROP. V. 

Given the area of an equilateral triangle to find its fide. 
RULE. 
Ar 433, the ſquare root of the quo 
E-ample. 


What is the fide of an equilateral triangle whoſe area is 


300. 548. ? 
433 500 54801186 
The {q. root of 3156= 34 Jade, the fide. 


PROP. VL 


Gruen the fide of an equitateral triangle to find the length of its 
per dendicucar. 


RULE. 
Multiply the given fide by .866, and the product is the 
perpendicular. 
Example. 


Suppoſe the fide of an equilater«! triangle be 34, what is 
the perpendicular ? 


866 x 34=29-444, perpendicular. 
PROP. VII. 
W hang 
RULE. 
Id re WE an den 


15 the area. 
If the fide of an equilateral triangle be 34 yards, what is 
the area? 


34 * 34=1156 Xx. 433 500. 548, the area. 
PROP, vn. 
To find the area of @ trapezium. | 
RULE. 


Multiply the diagonal by half the ſum of the two perpen- 
dicalars, the produdꝭ is the arca. 


Or, 


P. IV. MENSURATION: Ge 


ay Multiply the ſum of the perpendiculars by half Fi. 
the d 


Or, Multiply the ſum of the perpendiculars by the 
diagonal, and take half the product. 17 
Example. 


Let ABDC denote a trapezium, whoſe diagonal AD mea- 6g. 
ſures 18 ch. 9 links. 


oy CF 4 chains 27 links. 
* | es 9 chains 37 links, required the area? 


Atea 1228311 
4 


1.13244 


— A R. v. 
5.29760 1215 
Cor. When two ſides are parallel, then it is called a tra- 
pezoid, te meaſure which this is the 
RULE. | | 
Aul:iply the ſum of the two parallel] ſides by their diſtance, 
half the product is the area. 
Let the fide AB be 6 fect, the lice CD be 14 feet, and the 70. 
diſtance AE be 8 feet, required the arca? 
14 


; 
: 


MENSURATION, p.. 


OF ACIRCLE. 


DEF1ixnrTtoNns. 


AB the diameter. 
AC radius. 

DF chord line, 

E G vertcd uc. 
HC B 1 Qer. 
AEB ſemicircle. 
AEC quadrant. 


KLEE 
J. Diameter multiplied by 3.1416, gives the circumference, 


II. The ſquare 6f the diameter muitiphed by. 78534, gives 
the area. 


III. The circumſerence multiplied by. 31831, gives the 
diameter. 


IV. The ſquare of the circumference multiplied by 
*©795770, gives the arc. 


Multiply the ſquare tobt of the area by 1.12837, gives 
the diameter» 


VI. Multipiy the ſquare rent of the arca by 2.5449, gives 


* 


the circumference. 
ExanrD'e t. — 
The diameter of a ciicic is zo feet, how many feet is id 
round ? 
23-1419 
50 
157. CO. eircum ſerznee. 
Spy le 2, 
I the diameter of a circle te 50 inches, what is the area? 
50 
50 
2500 
Then 7854 2500 = 1662.5 area. 
Fxambie 3. 
If the circumference cf a circle be 157. C 0 wit. tis the dia- 


meter? 
157 cs 
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157.08 x .31831 x 50 0001 348 
Diameter = 50. 


Example 4- 
If the circumference be 157.08 what is the arca? 
157.08 XK 157.08=24674.-1264 
And 24674-1264 * · 79577 1963.492956 the area = 
1963-5 nearly. 


Example 5. 
If the area of a circle be 1963,4929 what is the diameter? 
The ſquare root of 1963.4929 is = 44-31- 
And 1.12837 & 44-31 849.998 or 50 diameter, 


Exam;le 6. 
If the area of a circle be 1953-4929, what is the « Circum- 


fer-nce ? 

The ſquare root of 1953.49029 =44.31. 

And 3.5449 X 44-31 =157-0745 19. 

Cor. The reaſon why the numbers do not corre ſpond ex- 
actly, ſhews that no finite numbers can be found for determin- 
ing the quadiature of the circle. 


& 3 7-3 Wy © 


To determine whether the ſquare or the circle bas the lea fencing 
round any you piece of land. 


Examble 1. 


What d:F-rence is there in fencing round an acre of land 
laid out in a ſquare or in a circle ? 

in an a-re of land are 4840 yards, and the ſquare root of 
4840=69-57 which is the de of the tquare, 

hen 09.57 X4=278.28= fencing round a ſquaze. 


And 3.5449 x 69. 57 2240.618693 the circuuiictence of 
ci cle round it. 


Then ſquare's fencing = - = 278.28 
Circle's feacing - - - = 246.618693 


- 


Y ard's difference - - - 2.66 

Con'equemly the circle has 31.55 vards lis fencing than 
the 1quare. 

Exorple 2. 

A gen:]:man has a citculat baſon fronting his houſe that is 
60 yards in diameter, and he wouſd have a grove walk round 
it of 5'vards in breadth, what wil! the 8 ze {07 grav-lliag 
mu u l come Ws at 20. 4 yard? 


Full 
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Firſt the diameter of the baſon = 60, and 515160 70 
the diameter of the walk and baſon. Then this 


Deren 


From the area of the baſon and walk take che area of the 
baſon, leaves the tea of the walk. 


RULE 2 


Multiply the ſum of the diate ters of the baſon and walk, 
and that of the ba'on oy their difference, and that product by 
7854 gives che area of the ring round the baſon or walk. 


RULE 3. 


Multiply half the ſum of the circumferences of each by 
the breadth of thc walk gives the area required. 


By Rule 1. 
60 * bo= 3500 x 7854 = 2827 44 
70 XR 704900 &.78c4= 3848.46 
Diff. the area of the walk 1021.02. 


By Rule 2. 


60 470 130 
70 00g 10 


* 


ox. 755 102⁰. 92 the area. 
By Rute 3 | 


31416x50=188.456 (i cum of bafon 
3-i4i16479=215 $12 cucum. of botu 


2)408 38 fam. 


2C4 154 
3 


1020.77 area of the wN 
Now 1021 yerds ac 2d. a yard = £8 10 2. 


| E rample 3 : | 
I want to plant a clump of firs, and larches in 2 cireular 
piece of ground that nei mœalute 4 acres; bow lo g muit 
the chord be 0 Erike the circle? 5 
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Here is given the area to find the diameter, half of which 
is the length of the chord. 
4840 
4 


19350 whoſe ſquare root is 139.14. 
And 1.12837 * 139-14 =157 yards, the diameter; there- 
fore its half is 78+ yards the length of the chord. 


PROP. IX. 
To determine the fize of round water-pipes, to ſupply water on the 
ſame level, 
RULE. 


As the ·zime in which it is now done: 

Jo the Tquare of the given pipe's bore : : 

So is the time required : | / 
To the ſquare of the diameter of the pipe required, in a 
reciprocal proportion, 

Example. 


I have a water-pipe two inches in the bore, which fills my 
ciſtern in an hour and a half; but wanting this to be done in 
half the time, I would know what the bore of the pipe ought 
to be to do it? 


As go minutes: (2K 2204 :: 45 
4 ; 


45036008 
350 


—' b 


The ſquare root of 8 is =2.82 inches, the dian. ter of the 
pipe required, 
PROP. X. 
Te find the area of a ſemicircle. 


RULE. 

' Multiply the ſquare of the diameter by .3927 gives the 

area. 

Example. | 

If the diameter or front line of a ſemicircular alcove be 35 

yards, what is the area? 
35 * 35=1225 X +3927 = 481.0575, the area. 

F Cor. 


— 
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Fic. Cor. The area of a ſemicircle and quadraut may be had by 


71. 


71. 


71. 


finding the area of the whole circle, and the half or fourth 
part is the area reſpectively. 


PROP. XL. 
To find the area of a ſectur of a circle. 


| 4 RULE. 
Multiply the ſemidiameter by half the arch line, the pro- 
duct is the area. 
| Example. 


In a circle whoſe ſemidiameter is 2 ;, and the length of the 
arch 62, required the area ? s 
2)62 


ZI X25=775, area, 


PROP. XII. 
To find the area of a circular ſegment DEFD, whoſe height or 
verſed fine EG is given, and alſo its chard DF. ; * 


RULE. 
Multiply the verſed fine by .626 and to the of the 
product add the ſquare of haif the chord, ex the 


root of the ſum, then multiply twice the root by two thirds 
of the verſed fine, gives the area. 


Example. | 
What is the area of a circular ſegment DEFD where chord 
DF is 24 feet, and verſed fine E(3 = 4.78? 
478 x .626=2.99228 x 2.909228 8.9537 395984- 
Alſo 3)4-78(1-59 x hah | 
2724 


12 * 12 1441 8.9537 395984 2 152.9537, &c. whole 


ſquare root is 12. 36. 
And 12. 36 x 2=24.72 & 3.18 278.6096, area. 


PROP. XIII. 


C ven the chard DF and verſed fine EG, to find the diameter 
of that circle. 
RULE. 


Divide the ſquare of half the chord by the verſed fine, to 
the quctient, and the verſed fine gives the diameter. 


84 


* A * 
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5 Example. Fie, 
Let the chord be 18 and verſed fine 4, required the dia- 
— 
41 


"om all | 
9492 20.25 + 4= 24-25, diameter. 


PROP. XTV. f 
Sr DC, and cberd DF, 711 
th 
to find e verſed ſine an 
From the ſquare of the radius, take the ſquare of half the 


chord, the ſquare root of the difference taken from the radius 
leaves the verſcd fine. 


Let the radius DC=20, chord DF = 38, to find the verſed 
fine EG? 
20 & 20=400 
19 Xx 192361 
Diff. 39, whoſe ſquare root is 6.24, and 20— 
6.24=13-76, verſed fine. 


PROP. xv. : 
Fe! - os length of an arch of @ circle DEF, by kaving the 215 


RULE. 
Make yr nay ns Gas den DE; then from 8 
times DE take DF, divide the difference by 3, the quotient 
is the length of the arch DEF. 


Example. 
There is an arch of a circle, whoſe chord DF is 40 i 
and the chord DE is 25; required the length of the arch DEF 
Chord — 


200 
40 


5700 | 
533 the length of the arch. 
F 2 PROP. 


Fi. 


Given the baſe and height of the ſegment of a circle; to find the 
diameter. | 


71. 


68 MENSURATION. P. NV. 
PROP. XVI. 


RULE. 


As the height of the ſegment GE : 

To half the chord or baſe DG or GF:: 
So is GF, the ſame half : 

To KG a fourth number, 


EE WT ED STS I os: 99. REN 
Let the height of the ſegment be =18, and baſe =48; 
required its diameter ? 
GE=18, DF=48, DG = 24. 
Then 18: 24:: 24: 32 
18 added 


Diameter = 50. 


P R O P. XVII. 


Given the diameter of a circle, to find the diameter of another, 
that ſhall be in any given proportion to it. 


RULE. 
Multiply or divide the given diameter by the ſquare root 
of the required greater or leſs proportion, the product in the 
former, or the quotient in the latter, gives the diameter, 


Example 1. 
What is the diameter of that circle, whoſe area ſhall be 5 
times as large as one of 18 inches diameter ? 
The ſquare root of 5 is'2.236 
'Then 2.236 x 18=40.248. 
Or, 404 nearly inches, the diameter required. 


Example 2. 
] have a circular fountain that meaſures 50 yards diameter; 


by 3 Yours have one ten times lefs, what mult the diame- 
ter be 


The ſquare root of 10 is 3.162 
Then 3.162)50.000000(1 5-812 
Anſwer 15.812 yards the diameter required. 


PROP. 


P.IV. Z MIENSURATION. 


PROP. XVIIL 
To find the area of an ellipfic. 
RULE. 


Multiply the tranſverſe diameter by the conjugate, and 
that product by .7854 gives the = 


Example. 72. 


There is an ellipſis the tranſverſe n = 50, and conjugate 
axis cd go, required the area? 
50 X 40 = 2000 
And 2000 x .7854=1570.8, area 


PROP. XIX. 
To find the periphery of an ellipfis. 
=SULFT a | 


Multiply half the ſum of tbe tranſverſe and conjugate dia- 

meters by 3-1416, the product is the periphery nearly. 
BULE % -- | 

To twice the ſquare root of the ſum of the ſquares of the 
two diameters, add one third part of the conjugate, the ſum 
will be the periphery. | 

Example. 

Let tranſverſe mn= 50, conjugate c4=40 yards, how many 
yards is it round? 

By rule 1. 59+ 40=90, and © = 45 


Then 3.1416 x 45=141.372, periphery. 
By rule 2. 50 & $0=2500 


And 40 * 40 16000, root. 
4100(64.0312 
2 
128.0624 
© — = = 13-3333 


Periphery = 141.3957. 
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PROP. XX. Paos. 


72. Given the twa diameters of any ellipfis, to find the breadth of « 
| walk ſurrounding the {cid ellipſts, to be cuery where of an equal 
breadih, twat fhail contain a giben area. 


RULE. 


Divide the given area of the elliptical walk by 3.1416, to 
the quotient add one fourth of the ſquare of half of the 
ſum of the ellipſis's two principal diameters, from the iquare 
root of the ſum take a fourth part of the ſum of the elliplis'; 
two diametcrs, the remainder is the breadth of the walk. 


Example 1. 


72. A gentleman has a grafs-plat fronting his houſe, and would 
| have in it an elliptical one to front his door at 2 proper diſ- 
tance, whoi- tranſv<ric axis mn ſhould be 50 yards, and 
conjugate cd 40 yards; now he wouid have a gravel walk to 
ſurround the ſaid graſs plat, to be every where of an equa! 
breadth, fo as to take ur juſt a rood of land; what muſt the 
breadth of the gravel walk be? 
— the area of the walk is a rood = 1210 yards, 
n 1416) 71210(0385.1 | 
Ellipſis 5 = mJ * 
x conjugate = 40 


- 


— — 


+5 


And 45 Xx 45> 2025, — = 06.25 


To - - - 385.154 
add = - - $506.25 


891.404 
whoſe ſquare root is 29 85 Py 


Take = = 22.5 


Breath of the walk = 7.35 


vw TY FYS %w 


oY wy — tos 


Conjugate + 54-7 of the walk and plat, 

Then 64.7 x 54-7 &. 7854282779 601, the area of the 
whole, 

From - - 2770.60 

Tae 15708, area of the plat, 


Remainder is the walk 1210 nearly; the defect being for 
want ot carrying the proceſs to more places of decimals. 


Example 2. 72; 


A gen:leman having in his garden an elliptical fountain, 
whoſe greater diameter is 30, and the iefs 24 feer, orders a 
free ſtone walk to be made round it, to be ev*ry where of an 
equal brrad:h, and to take up juſt ine ſame quantity of ground 
as the fountain iifclf ; what mult the breadih of the walk be? 


30 
24 


— 


54 


— — 


7, half ſum. 
Then 30 * 24 ee. 7854 = 565.488, the area of the 
ſountain or walk. 
3 en, 


Alſo 27 x 27 =729, and —2 7 = 182.25 


362.25 whoſe ſquare root = 19.03285 
From - - 39.03286 


22 13.5 
4 „ NODES 
feet 5-53286, breadth of the walk round 
£ $ Preg. 
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Pracf. 


5.532 6 22 11.06572 
* 30 added is 410657 2 treniverſe axis of fountain and 
walk. 
To 11.06572 
add 


24 


35-00572 conj. axis of fountain and walk. 
Then 41.c6572 x 35-06572=1440, 
And 1440 x.7854=1130.976, area of walk and fountain. 
From area, walk, and fountain - 1130976 
Take area of fountain = - - - <- $565.488 


Remains area of walk 


- - - - $565.483 


PROP. XXI. 
To find the area of a ſemi-ellipfts, or the area of an elliptic arch. 


RULE. 

Multiply the ſpan or width of the arch by its height, and 

that produ/t by .7854 gives the area. 

Example. 

There is an elliptical arch whoſe ſpan is 30 feet, and 
height 20, required the arca ? 

50 X 20=10CO x.7854=785.4 feet, area. 

PROP. XXII. 
Te find the arca of a quadrant of an ellin ſu, viz. the area mee, 


RULE. 
72. Multiply the length by the height, and that product by 
7854, gives the area. 
Example. 


There is an elliptical quadrant whoſe length AE is 25 feet, 
aud height EC 20 feet, required the area? 
25X 20=560 X.7854= 392.7 feet. 


Te 


3 oF 


To mfr REGULAR POLYGONS. 


PROP. XXII. 
The fide of any regular palygon being given, to find its area. 


RULE. 
Multiply the ſquare of the given ſide 
1.72047 if a pentagon | 
2.5987 - 14 
3-03391 - - 2 heptagon 
2 482842 - - - an octagon the produRt 
6.18182 - - - a nonagon is the area. 
7.69421 - - - a decagon 
4 30564 - - - undecagon 
111. -19015 - - - duodecagon } 
Example 1. 


Let the file of a regular pentagon be 100 yards, what is 


the area ? 
100 & 10010200 X 1.72047 = 17204.7 yards, the area. 


PROP. XXIV. 
The area of any regular polygon being given, to find the length of 


its fie. 
RULE. 
Multiply the ſquare root of the given area 


. 76238 for a pentagon | 
.6204 + - - a hexagon 


152458 - - - 2 beptagon emule 
dy {009 ---- octagon | be youu r. — 
a2 8 nonagon * ſide. a 


- 36051 - - - a decagon 
32576 - - - undecagon 
} -29885 - - - duodecagon 


Example. 


It the area of a * octagon be 1444 yards, what is the 
tenyth of it tide ? 
The ſquare root of 1444 is 38. 


Theo .45509 x 38 7.29342 jards, 
PROP. 
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PROP. XXV. 


The area of any regular peiygom being given, to {ud the radi 
its cir cumſcribing ci cle. ſow * Cabs 


RULE. 
Multiply the ſquare root of the given area 
643852 - - - pentagon | 
62040 x hexapon 
60452 - - - heptagon | the produft is 
by 4 -5946 = - - octagon the radius of the 
.53797 - - non on cir: umſctibing 
58331 - derngrn circle. 
15799 - - undetagon 
1-5773322:w.g duodecagon | 


Fer the radius of the inſcribed circle, 
Multiply the ſquare root of th: gizen arca 


#.52466 - - - pentagon 1 
53728 - - - hexagon 
.c4465 - - - heptazon * 
NET 1 — g1rves the radius 
by 3 55251 - nonegon 7 of the inſcribed 


55642 - - - undecagon circle. 
55767 - - - duodecagon 


{-55470 - - - decagon þ 


Ef the area of a regulat octagun be 1444 yards, what is the 
radius of the circle c:rcumf-criving that octagon ? 

The ſquare ront of 1444 is = 38, 

And.5946 x 38=22.5948 yards, the radius of the circum- 
ſcribing cucle. 

Example 2. 

Required the radius of ihe inſcribed circle in that octagon, 
whoſe area is 1444 vares? 

The ſquare ro. of 1444 is = 38. 

T hen .54934 x 38=20.87492 the radius inſcribed in that 

go. | 

Tf the reader would fee how the above tables are con- 
ſtructed, he will fond tne rules in Hiſcelaucd Curiaſa Mathe- 
mal ica, by the late Mr. Dobsox. 

PR OB. 
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PROBLEM. | Fic. 
A gentleman would have an octagonal baſon fronting his 
houſe, that ſhall contain half an acre of lad; bow 


muſt the chord be to ftrike the circumſcribing circle, 
| how long mult the fide be? 
yards 


204840 acres 


2420 half an acre, whoſe ſquare root is 49.193. 

Then 49-193 * 45509=22-38724, &c. yards = 22 yards 
1 fog: 2 inches, ie n=. 

And 49.193 &. 5946 2 29.250157, &c. or 29; yards, the 
length of the chord. 


PROP. XXVI. | | 
75 find the ſurſuce of arches of bridges, vaulted roofs, Ec. | 
I tne arch is a circle, or any ſegment of a circle, its length 
may be fr und by tne rules already given. 
Or, Take a ftring and meaſure the length of the curve 


of the arch, then multipy the length of this arch, by che | 
length of the vault, the product is the ſurface. 


Example. 7 
There is a vauit built according to the Emerſcnian arch, 


(fee bis MECHANICS, 410) which meaſures 40 yards, and the 


ſength of the vault is 125 yards, what is the ſurface of this 
arch ? 


40 ; 
124 | 


480 
20 


Surface 500 yards. | 
OBSERVATION. 


All irregular figures may be meaſured, and their contents 
found, as well as thoſe that are regular, by reduciag them 
into triangles and trapeziums, and then finding the content 
of each part ſeparately, the ſum of the whole will be the 


content, 
Example. 
Let ABCDEFGA repreſent an irrezular incloſure; now 73 
defore the area of this can be found, reduce it into trapeziums 
and 
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| Fi. and a triangle, as it will admit of; and it be 
1 | 5 ; reduced 
Cf different other ways, but the concluſion 2 out the 


Meaſure the diagonals and perpendiculars of the trape- 
| ziums ; and alſo the baſe and perpendiculars of the triangle 
ul and admit the meaſures be as follows, viz. E 


73. 1. In the trapezium BCDE. 


ch. lin. 
The diagonal CE = 13 17 
Perpendiculars | PB =. 5 4 
Dn = 5 50 

2. In the trapezium AEFG, 


ch. lin. 

The diagonal AF = 14 80 

, ulars 1 6 = & bs 

Perpendic Wo = 6 6 
3. In the triangle ABE. 


Baſe BE = 16 24 
Fon. Ar = 7 20 


841 1317 
550 695 
291391 6585 
— 11853 
| 695 X 7902 
; BCDE 9-15315 
|, 
| 484 1480 
635 560 
2)1120 3888 
— | 740 
560 | — 
8.28800 AEFG. 
1624 
ö how 
1624 
11368 
2)11. 5 3040 
ABE 675520 


The 
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Fic, 
Acres 


The area of the trapezium BCDE = 


trapezium AEFG = $ 28809 
triangle ABE = 5.76520 


23. 20635 
4 
82540 
| 40 
A. R. P. 
Anſwer 23 0 33 3301600 


PROP. XXVII. 


To take off-ſets and parts of cracked rivers, hedges, &c. and caſt 
19 their contents. 

Take a ſtraight ſtationary line, at ſome convenient diſtance 
from the river, | hedge, &c then at every bend of ir, both in- 
wards and outwards take perpendicular lines on your ſtation- 
ary line by a croſs ſtaff, or by your eye if near, and meaſure 
your ſtationary line as you go along in taking the off-ſets. 

Then multiply each part of the ſtationary line by the ſum 
of oft-fers at each end of that part, and fv proceed till you 
have done the whole length; then add all the reſults together, 


and take half the ſum which gives the content of theſe irtegu- 
lar curves. 


Example. 
Tet a4f:6:0x be a river bounding one fide of a meadow, 74. 
to hod the content of the irregular curves? 


At fome convenient diſtance | take a ſtationary line as AB, 


an meaſure as follows, both the diſtances on the ſtationary 
une, and the he eorreſponding off ſets. 


Ky © A Gli-fects | 
ch. lin. right band © | 
| Ab = n 84 | ha = 87 
| Ac = 3 bo cs = 46 
Ae & 30 } ef Wn & 
Ah = 7 94 ”g = 3s | 
AaA# = 36 ba km = 98 
2 2 3 „% = „5 
r 9 = bg 
At = 28 38 ew = as 
1 AB = 20 74 Bo = 0s 


— = 1 2 —_ - 
DO  , Aa SR 
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Offset at A O 
at þ = ©.87 
87 
Ab = 184 
348 
656 
87 
Oc. ſet ae 0 = 8 
1 7. 
128 
be 196 
768 
1152 
128 
25088 
OG. % cd = 
of = 
136 
ce 238 
1088 
408 
272 
32368 
Off-ſet ef = 0g 
bg = 3 
ob = v5 
798 
931 
133 


| 
| 
y 


Ott ſet 


P. IV. 


 Menfuration. 


„% Tur St, malgs _—_ PERS. ; + 2 "mw" 2. a T4 - 
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Off-ſet tu = 90 
Bz = 94 
184 


fB = 


Area = 1.50975 
Or 1 acre 2 reods 1 perch, 


MEASURING or SOLIDS. 


PROPOSITION I. 
To fad the Selidity of a Cube ABCD. 


RULE. 


75. LTIPLY the fide by itſelf, and that product by the 
ſame fide again, and the laſt product is the ſolid con- 
tent in the ſame ſort of meaſure. | 


Example. 
There is a cube whole fide is 14 inches, what is the 
ſolidity ? | 


Cor. If you have the ſolidity of any cubic veſſel, and would 
know the dimenkons of it, extract the cube root of the ſolidity, 
the root is the fide. 

| PROP. IL 


Fo fol the Shity of « preiigete. 
Multiply the length by the breadch, and that product agai 
* „ | this ft prodult js ae folding 
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F 
Example 1. 1 
There is a parallelopipedon whoſe length is 100 inches, 
breadth 20, and depth 14 inches, kow many ſolid tcet ? 
100 
20 


2000 
14 


1728) 28000010 feet and 720 inches. 
Inches | 
N. B. 282 - - - 1 ale gallon 


A veſſel in form of a parallelopipedon, whoſe length AB 
meaſured $04 inches, the breadth CD, 203; and depth CA, 
= 7 the folid feet, alſo the area in ale, wine, and 
malt 


410630125 
1728) 30564843750 17.688 feet 
282075364 84 37e. 386 A. G. 


231) 30564.8437 50132. 315 W. G. 
2150.42) 305648437 (14. 21 MB. 
PROP. II. 
To find the ſalidity of @ triangular priſm. 
Multip'y the - 8 end 
Maultip the » by the length, the 
product is the folidiry. = * * 
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| Fic, 8 
| 77. Let ABCDEF denote a triangular priſm, whoſe baſe AB is 
40 inches, perpendicular cd, 20, and height or length 6D, 
90; how many ſolid feet doth it contain? 
2 
I 


400 area of the end. 
90 length. 


1728)36000(20.8 feet. 
PROP. IV. 
To find the ſolidity of @ cylinder. 
RULE. | 
Multiply the area of the end by the length gives the 


Example. 
78. There is a cylinder whoſe diameter AB is 20 inches, and 
length cI) 60, required the ſolidity ? 
20 * 20==400 ſquare of the diameter, 
7854 
400 


314-1600 area of the end. 
60 


18849-6000, ſolidity. 
PROP. v. 
To find the ſehdity of a pyramid 


RULE. 


Multiply the area of the baſe or end by one third of the 
Jergrh or altitude, the product is the ſolidity. 


Example 1 | 
| 79. Let ABD EC- repre ſent A pyramid ſt andi upon a are 3 
| bete, whoſe fid: BD is 40 inches, and height Ce 90, 1 þ 
| the ſolidity in feet ? a 


40 


P. v. MENSURATIOX. 


83 


Flength 20 
1728)48000(27.7 feet. 
Example 2. 
There is a 


pyramid ſtanding upon an octagonal baſe, each 
| —— , ſolidity ? 
— 
„ the ſquare of the fide, 
And 8 the area of the baſe, by 
op. XXIII. 


And 1931.36 x 20= 38627.2, ſolid inches = 22.35, ſolid 
feet. 


PROP. VI. 
To find the ſolidity of a bady bounded by four regular iſoſceles 
RULE. 
New Ho mn en 09 Rig hal the Groen of Bs 


n* — :m*, draw lines from the ends of two oppoſite ſides 
ns Ca bv ihe ale of oh ſides of the lower baſe, 
and let the two flices be cut off by thoſe lines, which 
will be half the priſm. Then from the ends of the upper 
baſe, draw lines to the middle of the lower baſe, and let the 
two flices be cut off by thoſe lines, which together, it is 

evident, will be 2 ſquare pyramid of the priſm; hence 
there is 4 of the priſm cut off, and + for the remaining ſolid. 
Theorem. ½n — zun = 6.7914 cubic feet the ſoli- 

dity requ:red. 
80. To repreſent this quaint folid truly. Take a piece of 

* clear paſteboarg, and draw hdg 3 feet and bc, dc= 5 feet, biſect 

the fides as mr, u, and baſe as at r, join mn, mr, ur, theſe three 
lines cut half through and folded will repreſent the body 


truly. 

PROP. VIL 

1 RULE. 
ultiply the fide of the greater baſe or end by the fide of 

the leſs ; 1 the two ſides, and add one 
third of the ſquare of this difference to the product, this ſum 
multiplied by the fruſtum's length, gives the folidity, if the 
fruſtum ſtand on a ſquare baſe z but if a polygon, then the 
laſt product muſt be multiplied by the polygon's factor by 
prop. xxiii. and it will give the ſolidity. 

Example 1. | 
There is a fruſtum of a ſquare pyramid ABDHGE, the 
fide AB at the greater end is 20 inches EG, the fide of the 
leſs end is 16 inches, and length 60; required the folidity? 


* 


20 20 

16 16 

320 4 diff. 
5-33 4 

325.33 3016 


_ 3˙33 
1728)19520(11.29 feet. | 
| £xampit 
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Example 2. | 
of the fruſtum of an 


What is the pyra- 
mid, the fide of its greater end being 20 inches, and that of 
the leſs end 15, and length 60 inches? 

20 20 
15 15 
Zoo 5 
8.33 5 
308. 33 3)25 
60 8. 38 
18 500 


And 18500 x 4.8284 89325. 4 cubic inches =51.6 feet. 
| PROP. VIE 
To find the ſolidity of a cone. 
RULE. 

Multiply the ſquare of the diameter by (=) 2618 
5 the 
G. Multiply the ſquare of the circumference by .0265, 
and the product by that height, gives the ſolidity. 


82, 
Example 1. 
Let ABCD repreſent a cone, whoſe diameter AB is 20, and 
height CD 40; required the ſolidity ? 
20 * 20=400 X.2618=104 72, and 104.72 Xx 40=4188.8 


Example 2. 

- Admit the circumference of a cone's baſe be 100, and 

height 150? required the ſolidity? a 
100 * 100= 10000 X .0265 35, and 265 * 150= 39750, 


ſolidity. | 
PROP. IL 
To find the ſolidity of 4 fruftum of @ cone. 

| RULE. | 

To the product of the diameter of the two baſes, add 3 the 
ſquare of their difference, the fum multiplied by the height, 
rr 

3 Example. 


3 
7 
7 
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83. 1 

3- Let ABEF repreſent a fruſtum of a cone, whoſe greater 
diameter AB is 40, lefs diameter EF, 20, and height CD, 
60; required the folidity ? "_ 


F. v. 


FIG. 


40 * 20g 800 
20 * 20=400, and == 133.33. 
Now 800 
133-38 
933-33 
— 
"% Mult. © © 7854 
Frod. = 439824 
Or this, 
RULE. 


Multiply the circumference of each baſe by one another, 
add the ſquares of the circumference of each baſe to the pro- 
duct of the circumferences, multiply the ſum by the height, 
and the laſt product by .c26529 gives the ſolidity. 


| Example 2. | | 
Let the circumference of the greater baſe be 52 inches, 
leſſer beſe 31, and height 85 z required the (olidity ? 0 
52 * 22 2704 
31x 31219 6561 
3a 3 1602 


5277 
2 3277 x85 = 448545 X-026520 11898. 20467, ſo- 
it * 
— PROP. X. 
Te find the ſolidity of a globe ar ſpber e. 
RULE ». 


84. Multiply the cube of the diameter by. 52 36 gives the ſo- 


2 RULE 
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F 
RULE a _ 


te ads . 
, = mon of the circumference by .o169, the pro- 


1. 
If a bullet be 8 inches in diameter, what is the ſolidity ? 


Example 2. 
33 of a globe be 37.7 inches, what is the 
ſolidity 
37-7 * 37-7 X 37-7 = 1421-29 K 37.7=53582.633, 
And 5358 2.633 x .0169==905. 5464977, the 


PROP. IX. 
To find the ſoldity of a flping body. 


RULE. 


Multiply the area of its profile at the end by the length, 
gives the folidity. | 
Example 1. 35 


Let ABCDEF be a wall broader on one fide than the 
other; and let the length AB g 50 feet, the breadth BY of 
the flope 6 feer, the height HK, 14 feet, and therefore the 
depth BC, 10 feet; 10 find the ſolidity ? 
BH+HC=BC=1o, 
Add DE= 4 


Mult, HK or DC 


14 
14 
56 
I4 
2)196 


Ares of the trapezoid AKDC =g8= area of the profile. 
Mulc. length, _—_:: 


Solidity of the whole, 4900 cubic feet. 5p 


88 MENSURATION. p. v. 


Fi6, 
| PROP. XIL 
| To find the ſolidity of @ wall floped on both ſides. 
| RULE. 
| 1 by the length, gives the 
ty. 
} 6 , Example. 


There is a wall ABCD K., floped on both ſides, whoſe 
length AB=4$S, BG, the breadth of the floping body 
ABGOE=6, TH the bread:h of the other floping body = 5, 
GO or HD the height ae the wall =12, the breadth OD 
feet; 4 0 ed the ſolidity? 

+ 


Po. CH + DH=BC= 14, and BCDO a trapezoid, 


PROP. XII. 


To the a 
Ee the fly of « faing wall when the tas Pgin 
RULE. 


— Go gat fegd part by the length, the ſeveral 
areas added together give the ſolidity. 


Example. 

87. Thee 3 is a wall ABCDEFGH, whoſe two flopes ABCIH, 
and CDEFT, are joined in the point I; and let AB=24 feet, 
BC=6, Cs * feet, CI = 12 feet, to 
find the ſolidity 

Firſt 


Solidity 864 of BCIHA. 
CD= 3 
CF=12 


2)60 
Profile 30 
4 


Solidity of CIDEF=120 


GH= 4 
HI =12 


Sol. of HGFI . 1152 
of CIDEF - - - 120 
of BCIHA - - - $64 

Cubic feet of the whale = 2256 

PROP. XiV. 


To find the ſolidity of a flaping body, which has tw ſoping 
4 24 he ane an one „ and the other abave it, which 


ia this ſituatian 1s caiied ths glacis. 


: RULE. 
a Multiply the profile of each part by the length, gives the 
olidity. 


Example, 


bo AGHETF, whoſe baſe is the rectangle FAGl. and the 
profile the triangle AGH right angled at G; and above, the 
g'zc's EHKCDL, whoſe bate is the reftangle EHKL, and 
the 7rofile, the triangle HKC right angled in K; alſo 
IGBELE, a right angled parallelopiped whoſe baſe is the 
rectangle I 

Oyerartion. 


Ts AF=EH=24 


IM=EL= 6 
| 144 
Gli height - 8 


Parallelopiped 11 52=IGBKLE. 
2. AG=4 
GH=8 


h . 
; I a 
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Then IGBELE= 1152 
The talud AGHEIF= 384 
Glacis ERKCDL= 360 


Cubic feet - - - - 1896 
PROP. XV. 


To find the ſolidity of a rampart of a fortified palygen, according 
„ Ah. Se Meth 9 


RULE. | 
Multiply each profile by the length gives the folidity of 
AB repreſents half the curtain. 89. 
BC the flank of the baſtion, perpendicular to the curtain 
for the eaſe of calculation. x 
CD the face of the baſtion. 
HM the capital. 


Gli the line of the inward floping body, parallelwiſe 
to EF of the ramparc. 


IELM the line of the outward floping ,-parallel- 
wiſe to ABCD. _— 


So GtKLMH repreſents the plan of a ſemi-curtain and 
ſemi- baſtion. 
AE the breadth of the rampart above, that is to ſay, the | 
breadth of the terre plain ſuppoſe 72 feer. 
EG the quantity of the inward floging body 18 feet. 
Al the quantity of the outward talud or flopiag body; ; 
for inſtance 12 feet. 


The height of the rampart 18 feet, as in the yrofile No 2. 
which (hews the rampart is about 102 feet broad below; not | 
at all regarding, ſays Mr. Ozanam, whether the numbers are 
intitely agreeable to the maxims of a good fortification. 

After he has conttrutted the figure from the above numbers 

from a ſcale of equal parts, he reduces it into a priſm con- | 
rained between the two taluds, whole baſe is the plane 
ABCDI 7 ; he then finds this plane by reducing it into a tra- : 
pezoid AEFT, and meaſures it from the ſcale; AB is pro- | 
duced to T, and forms the right angled triangle BCT, CID 

an vb/ique angled triangle by the diagonal CT, this being 
done, the feveral lines in each may be meaſured from the 

cale, and their contents found by the rules alicady given. 

I bus, | 


EF 
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Fic. 


89. 


EF meaſures about 344 
AT - - - - 376 


AE is ſuppoſed 72 
BT meaſures about 160 


BC - - - - 120 
= > - & - 290 
. + - +. 
This being premiſed, 1 lan now ſhew the 


OrprzrATion. 
1. EF = 344 | 


AT= 370 


2)4 3200 


21600 oblique triangle CT'). 
25920 
00 


57120 ſurface plane ABC DEF. 
18 height. 


1025160 cubic feet the ſolidity of the 
internal 
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internal priſm, bounded by the two taluds or ſloping bodies, FIG- 


and placed on the baſe ABCDFE. 


To find the folidity of the taluds. 

Reduce them to femi- priſms and pyramids, by letting fall, 
from the angles of their baſes, 1 detween the 
two parallel fides, via HO, DN, CP. CQ. KR, KS; and 
the inward talud, whoſe baſe is the trapezoid GEFH, will be 
found to be divided into a priſm, whoſe baſe is the rectangle 
GEOH, and height the ſame with that of the rampart, and 


into a pyramid, whole vertex is H, and 


height, the perpen- 


dicular HO, and baſe a tedangle, whoſe breadth is the line 
OF, and h equal to the height of the rampart ; and the 
external talud will be found to be divided into three ſemi- 
priſms, whoſe common height is the fame as the rampart's, 


and the baſes, the three tectangles AK, CK, CN, and into 8. 


three pyramids, two of which have their vertices upwards, 


and therefore have the height of the ram 


t for the common 


height, and their baſes he right angled triangle DNM, and 
the quadrilateral figure CPLQ ; and the third is taken for 
one that has the fame height as the rampart, and the ſquare 
ERBS for a baſe, becauſe fo ſmall a part is inconſiderable. 
But in geometrical accuracy, inſtead of this pyramid, we 
ought to take the double of another, that has its point below 
at the point K, the perpendicular KR for its height, and a 
rectangle for its baſe, whoſe breadth is the line BR, and 
length equal to the height of the rampart. | 


- feet 
EO, or G H = 330 
EG = 18 
OF = 38 

BU= & 
IK = 206 
KQ = 1c 
PN = 265 
Al = 12 
KERR 12 
QL = #$ 
MN = 12 
== - 832 


Then from the ſcale the lines meaſure as follows, viz. | 


OrERA- 


4s oö FJ =» woe 


CRY - 


- —— 


MENSURATION. p. v. 
OrzxAriox. 


| 1512 ſolidity of the pyramid whoſe 
vertex is H, and height HO. But 1512+ 53460 54974, 


3. IK = 206 
EQ = 109 
PN = 265 
580 
12 = AI. 
6960 


62640 ſolidity of the three priſms, 
whoſe three rectangles AK, CK, CN repreſent the baſes. 
4+ KR = 12 

QL = 8 
Half MN= 6 


26 
12 DN common breadth. 


312 ſum of the baſes of the three 
pyramids, contained in the external talud. a 


f. V. 


Then 


MENSURATION. 2 Fic; 
2 * 
9 the 3 rampart's height. 
72 ſolidity of the three pyramids. 
ae. 
64512 ſolidity of the external talud. 


Then to 12028160 found before 


PROP. XVL 


To fnd the ſolidity or quantity of earth dug up in making a 
ach wit fr fe 


There is a ſoſſe or ditch as ABCDEF, whoſe breadth AB 
the bottom is 24 feet, breadth DC at the top 40 feet, per- 
— may we 10 feet, and length 100 feet. Required the 


Example. * 


— codes - Ja 
Bottom 24 
_ x 
640 
100 
2)64000 
32000 cubic feet. 


Then 25)32coo{1185 cubic yards. 


of 
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Of the STzENGTH of Braus of Trunk. 


Mr. at 117 of his Principles of Mechanics, 
treats REPS of timber in all LA on and 
their ſtreſs, by any weights acting upon them, or by any 
forces —_— them: where that yon ny ſays, The 
lateral any prece of timber, in e,. | 
iu 4 CT 5. as the breadth and — 

Whence to find the ſtrength of any ſquare piece of timber 
this is the 

RULE. 


Multiply the ſquare of the thickne's in inches, into its 
breadth in inches, and that again into the weight that a piece 
of the ſame fort of an inch ſquare and a foot long would bear, 
and divide the product by the length of the timber in feet, 
gives the anſwer. 

Now to apply this rule to practice, Mr. Emerſon has been 
pleaſed to give us ſome experiments he made, with pieces of 
wood a ſoot 2nd an inch ſquare, ſupported horizontally 
at both ends, what they will bear in the middle before they 


break, as follows | 

Oak — 320 pounds. 
Elm — 310 
Beech — 290 
Fur — 280 


Example. 
What weight will a joiſt of oak ſuſlaĩn that is 12 feet long, 
$ inches deep, and — wide ? 


64 ſquare of the depth. 
6 


384 
320 


7880 

F | 1152 

_ 12)122880 
| 10240 . or 91 C. 1 Oy. 204. the 
| hung in the midd'e. 

| | | But 


* . 


111 GLA AS 


WWW 


. 


| e 


. 


— 


0 Will i | 


Mensur 
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But if the joiſt be laid flat, then the fide 6 inches is the 
depth, and & inches the breadth, and this is the ſtrength. 


12)92160 


768046. or 68C. 2.2rs. 81h. the joiſt 
— Will bear, wonen hung in the 
middle. 


Since the printing the above, Mr. Emerſon has publiſhed a 
ſ-cond edition of his Mechanics much enlarged in- to. and 
in 1769, he publiſhed another Book of Mechanics in-8v0. as 
an introduction to that in 4to. where, at page 04, he has 
given ſome more experiments of the {treagth oi umber, viz. 

A piece of wood a foot long and an inch ſquare will bear, 


as follows 
Oak from 320 to 1100 pounds 
Elm from 310 to 939 
Fir from 280 to 770, according to the 
goodneſs ; and has ſhewn how to adj ſt ſeveral pieces of t m- 
ber in regard to one another, that the /rength may be always 
_ proportioned to the /tr 2/5, they are to endure; and demonſtrates 
from indiſputable mathematical principles, that the breadth 
_ multiplied by the ſquare of the depth or thickneſs, muſt be as the 
length multiplied by the weight to be born, tor then, ſays he, the 
ſtrength will be as the ſtreſs. 
From thoſe propoſitions above quoted and their corollaries 
way be found the proper dimenſions of fir and oak ſcantlings 
uſed in buildings, and thoſc tables given by carpenters and 
a:chites examined whether the d menſions they give be true 
or not, very neceſſary to be under od by all/ carpenters. 
Now from the experiments the above mentioned author has 
given us, I find oak is in proportion to fir as 320 to 280, 
that is as 8 is to 7. 
H The 
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But if the joiſt be laid flat, then the fide 6 inches is the 
depth, and & inches the breadth, and this is the ſtrength. 


12)92160 


7080. or TEC. 2.2rs. 815. the joilt 
— Will bear, wnen hung in the 
middle. 


Since the printing the above, Mr. Emerſon has publiſhed a 
ſ-cond edition of his Mechanics much enlarged in-gto. and 
in 1769, he publiſhed another Book of Mechanics in-8»0. as 
am introduction to that in 4to. where, at page t, he has 
given fome more experiments of the ſtrength oi umber, viz. 

A piece of wood a foot long and an inch ſquare will bear, 


a5 follows 
Oak from 320 to 1100 pounds 
Elm from 310 to 939 
Fir from 280 to 770, according to the 
goodneſs; and has ſhewn how to adj ſt ſeveral pieces of t m- 
ber in regard to one another, that the /rength may be always 
proportioned to the /fr:fs, they are to endure; and demonſtrates 
from indiſputable mathematical principles, that the breadth 
: — by the ſquare of the depth or thickneſs, muſt be as the 
length multipliad by the weight to be born, tor then, ſays he, the 
ſtrength will be as the ſtreſs. | ; 
From thoſe propoſitions above quoted and their corollaries 
way be found the proper dimenſions of fir and oak ſcantlings 
uied in buildings, and thoſc tables given by carpenters and 
architects examined whether the d menſions they give be true 
or not, very neceſſary to be under ond by all carpenters. 
Now from the experiments the above mentioned author has 
given us, I find oak is in proportion to fir as 320 to 280, 
that is as 8 is to 7. 
H The 


Length. 1 14 

feet. inc inches. 
e Ti 
Wk 3M eee WP 

= an WOW 'f 
© SW © 
aww Mi. 
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I ſhall now ſet down the firſt ſcantling of each table, which 


are given in Books of 


ſhorteſt, are as under. 


Tie Beams. 
Of fir - * - 
Of oak * - - 

Fir bridging joiſts. 

In ſmall buildings 
In large buildings - 3 
Ot fir common joiſts - < 
Fir trimming joiſts - =» 
Fir girders - + = 
Oak girders - - - 
Fir ſmall rafters - <« 
Oak ſmall rafters 
Fir principal rafters 


Oak principal rafters - + 


The dimenſions of the firſt ſcantling, and conſequently the 


in feet. | inches. | inches. | 
12 6 8 
12 5 8.2 

| 

dS 3 3 8-1 
6 3 5.4 
S 1-0 $ 
3 7 
1 

10 7 10 | 
5 2+ | 3x 
$4413 
18 | 3 81 

Now 
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EG aps, bc — the 
181 may be found by the following rules. 
Let /=length of any beam, joiſt, girder, &c. 
b=breadth — 
d=depth 
Thenw=== the firength of it. 
Example I, 
Let us take the firſt ſcantling in the table for fir girders, 
which we will ſuppoſe the dimenſions to be ri right becauſe 


the ſhorteſt, viz. 10 feet long, 8 inches broad, and 10 deep. 


Here I 10 feet = 120 inches 
b= 8 


This doing Tygathe' ws be ride, that is ſufficiently 
TTY ca met 


Let the length be 12 feet, the depth is 10 inches, required 
the breadth ? 
Here /=12 feet =144 inches, 
And d=10 inches, then dd= 100. 


Whence b=2;=9-6 inches, bread. 
But in the table it is 83 which is too little by 2. 1 inch, 


Example 3. 
Let the length be 14 feet, depth 10.5 inches. 


Then e 1, breadth. 


= ep But 
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But in the table it is , therefore 1.1 inch too little. 
Alio by the ſame metnod thoſe of 16 and 18 feet long, will 
be found too little. 

Example 4. 


Let the length be 22 feet long; depth 13 inches. 
Then b=D=10.4 breadth. 
But in the tabic it is 11;, therefore 1.1 too great. 


Example F. 
Let length be 24 fect, and 14 inches deep, required the 
breadth ? 
201 


Then * inches nearly. 

But in the table it is 12, which is 2.2 inches too great; 
which fully prove they are not computed from mathematical 
principles, but are mere gueſs work, and conſequently erro- 
neous. 

Bur for the ſake of thoſe that do not underſtand algebra, 
I ſhall here ſet down rules in words at length for finding the 
dimenſions of timber in building, whereby any tables given 
by others may be examined, by having two dimenſions given 
to find the the third, whether a breadth or a depth. 


PROPOSITION I. 


Civen the length and breadth of a fir ſcantling, or girder, ta 
find its proper depth or thickneſs. 4 g 


RULE. 


Multiply the length in inches by 20, and divide the pro- 
duct by three times the breadth, the ſquare root of the quo- 
tient gives the depth. 

Example. 


There is a fir girder whoſe length is 14 feet, and breadth 


9 inches, what depth muſt it be, that the ſtrength may be as 
the ſtreſs ? | 


fr, inc. 
14X12X20=168 x 20= 3360 


$5 +. 2 
9X3=27, Then 27)236c/124-44(11-1, depth. 


PROP. 
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7 + 4 x WM * 
Given the length and depth of a fir girder, to.find its proper 
breadth. 
RULE. 


Multiply the length in inches by 20, and divide the pro- 
duct by ihree times ihe 1quare of the depth, gives the breadth. 


Example. 
Let the length be 14 feet, and depth 11. 1 inches, required 
its proper breadth ? 
ft, 
14X12X20=168 x 20 3360. And 11. 1K 11. 1123.21. 
And 123.21 x 3 369.03) 336009 inches, breadth, 


PROP. III. 
Given the length and breadth of a fir common joift, to find the 


Here I take the frſt dimenſions in the table for fir common 
joiſts, which I have given before, viz. length 6 feet, bieadth 


2 inc hes, and depth 8 inches, which I ſuppoſe to be of ſuſh- 
cient ſtrength, 


Here Ib feet =72 inches 
| b=2 inches 
d=8 inches 


RULE. 


Multiply the length in inches by 16, and divide the pro- 
duct by nine times the breadth, the ſquare root of the quotient 
is the proper depth. 

Exambple. 


Wanted a fir joiſt to be 8 feet and 
8 


ft. inc. 


8 * 12 * 169 x 16=1536 
2.5 & 9 222.5) 1536. 000(68. 2608. z, depth. 


PROP. IV, 
Given the length and depth of @ fir ccmmen joiſt, to find the 
breadth, : | 
H 3 RULE, 
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RULE. 


Divide 16 times the length in inches, times the ſquare 
of the depth, gives the breadth. "79 


Example. 
Given the length of a fir common joift =12 feet, and 
depth =8 inches, required the breadth. 
fr. inc. 
12X12=144 which x 1682304 
8 * S which x9=576)2304(4 inc. breadth. 


FEOF. SF, 


Given the length and breadth of a fir common joiſt, to find its 
breadth. 
* I take the firſt dimenſion in the table for fir trimming 
joiſts, which I have given before, viz. 
Length 5 feet, breadth 3 inches, depth 7 inches. 


RULE. 

Multiply the length in inches by 49, and divide the pro- 
duct by 20 times the breadth, the ſquare root of the quotient 
is the depth. 

Example. 


Let the length of a fir trimming joiſt be 7 feet, breadth 34 
inches, required its proper depth ? 

ft. inc. 

7X12=84 and 84 X 49=41 16 


3-5X20=70)4116(58.80(7. 6 inches, the doped. 


PROF. FL 
Given the length and depth of a fir trimming joiſt, to find the 
proper breadth. 
RULE. 


Multiply the length in inches by 49, and divide the pro- 
duct by 20 times the ſquare of the depth, gives the breadth. 
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Example. 
Let the length be 5 feet, and depth 7 inches, required the 
breadth ? 
fr. inc. 
5X12=60 which x 49=2940 
7 Xx 7 X 20==49 x 20=980)2940(3 inches, the breadth. 


PROP. VII. 
Given the length and breadth of a fir bridging jaiſt, in ſmall 
buildings, to find the depth. 4 
The firſt in the table is 6 feet long, 21 inches broad, 
and 5 inches deep, which I ſuppoſe of ſufficient ſtrength. 
Then /=6 feet=72 inches. 
b=2+ inches 


toz 


Multiply the length in inches by 62.5, and multiply the 
breadth by 72, divide the former by the latter, and the ſquare 
root of the quotient is the anſwer. 


Example. 
Let the length be 9 feet, the breadth 3 inches, required 
the depth ? 
9X12 X62.5=108 x62-5=6750 


72 * JZ==216)6750(31.25(5.6 inches, the depth. 
| PROP. VII. 


Given the length and breadth of a fir bridging joiſt, in ſmall build- | 


ings to find the breadth. 


"I RULE. 
Multiply the length in inches by 62 5, and divide the pro- 


duct by 72 times the ſquare of the depth, the quotient is the 


breadth. 


Example 


Let the length be 10 feet, depth 6 inches, to find the 
bread 
— 1D 

IOX12X62.5=120 * 62.5==7500 


6x6X72=36X72=2592)7500(3 inches nearly. 


— 
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PROP. IX. 

Given the length and breadth of a fir bridging joift in large 
buildings, to find the depth. 7 a 

Here the firſt in the table is 6 feet long, 3 inches broad, 
and 5786 inches deep. 

bd 
Whenee T =1. 215. 
RULE. | 

Multiply the length in inches by 1.215, and divide the 
product by the breadth, the {quare root of the quotient is the 
depth. 

Example. 

Wanted a fir bridging joiſt to be q feet long, and 3 inches 
broad, what depth muſt ic be, that the Hrengtn thall be as 
the ftreſs? 


9 ** 1. 215 2 108 K 1.2152 131¼22, 
And 3) 13.2243. 7400.6 inches, depth. 


en. 
Gruen the length and a dging joift in large build- 
to depth of @ fir bridging joift in larg 
RULE. 
Multiply the length in inches by . 215, and divide the 
product by the ſquare root of the depth, gives the breadth. 


Example. 
What breadth muſt that fir bridging joiſt be that is g feet 
Jong, and 6.6 inches deep ? | 


9X12=108 and 108 * 1.2152 131.22 
6.6 & 5.6243 56) 131.2203 inches, the breadth, 


PROP. XL 

Groen the length and breadth of a fir tie beam, to find the depth. 

Here the length, breadth, and depth of a fir tie beam, in 

the table, is 12 feet, 6 and 8 inches reſpectively : this being 

ſuppoſed to be of ſufficient ſtrength, we have 
. 


4 144 3 


RULE. 
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RULE. 


Multiply the length in inches by 8, and divide the product 
by 3 times the breadth, the ſquare root of the quotient is the 


depth. 
Example. 
Given the length of a fir tie beam = 16 feet, breadth = 7 
inches, what muſt the depth be ? 


16x12=192 and 19: X8=1536 
74 3=21)1536(7 3-14(8 5 inches, depth. 


PROP. XII. 
Given the length and breadth of a fir tie beam, to find the 
breadth. 
RULE. 


Divide 8 times the length in inches by 3 times, the ſquare 
of tae depth, gives the breadth, 


. Example. 
Let length be 36 fret, depth 12 inches, to find the breadth? 
35 * 12= 432 and 432 x8=3456 
12 * 12=144 which Xx 3=432)3456(8 inches, breadth. 


PROP. XIII. 
Given the length and breadth of 4 fir ſmall rafter, to find the 


th. 
The firſt in the table is 8 feet long, 25 inches broad, and 
3+ inches deep. 


RULE. 

Multiply the length in inches by. 32, and divide the pro- 

duct by the breadth, the ſquare root of the quotient is the 
depth. 


Example. 
Wanted a fir ſmall rafter to be 10 feet long, its breadeh 21 
inches, required its depth ? 
10X12=120 and 102 X.32=38.4 
2.5)38.4{15-36( 3-9 or 4 inches nearly, the depth; which 
is half an inch leis than Mr. Price makes it. 


PROP, 
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PROP. XIV. 
Given the length and depth of a fr ſmall raſter, ts fd its 
breadth. 
RULE. 


Multiply the length in inches by . 32, and divide the pro- 
duct by the ſquare of the depth, gives the breadth, 


Example. 


Let the length = 10 feet, depth 3.9 inches, required the 
breadth ? 


10X12X.32=120X.32= 38.40 | 

3-9 * 3-9=15.21(38.40(2.5 inches, breadth. 
"POS IT; 

P 

the depth. | 


The firſt in the table is that of 18 feet long, 4 inches broad, 
and 52 deep. 
bad 121 
Then —=—T=-5602. 


210 
RULE. 


Multiply the length in inches by .56c2, and divide the 
product by the breadth, the ſquare root of the quotient is the 


depth. 
Example. 


Required the depth of a fir principal rafter, whoſe length is 
24 feet, breadth 5 inches? 


268 length in inches *. 5602 161.3376 | 
And 5)161.3376(32.26(5.7 inches, depth. | 
| PROP. XVI. 
Given the length and depth of a fir principal rafter, to find the 


breadth, 
RULE. 
Multiply the length in inches by .5602, and divide the 
product by the ſquare of the depth, gives the breadth. 
Example. 


Let the length of a fir principal rafter be3o feet, and 
depth 6.6 inches, required its breadth. 


30x 
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X 12 *. 5602 = 360 x . 5602 =201 672 
6.6 x6 6=43. 56)201.672(4 6 inches, the breadth. 
By the ſame method may thoſe of oak be found, as the fir; 
for taking one of any fort, eſpecially the firſt in the table, and 
ſuppokng it of ſufficienc ſtrength, may a table be deduced 


from it. 


For inſtance, we have given rules for finding the depth and 


bad 
breadth of fir girders, from this equation = == . 


Now let us ſuppoſe an oaken girder, whoſe dimenſi » are 


10 feet long, 7 inches broad, and 10 inches deep, as in 
the table. 


Then lo feet = 120 inches. 


Waence — . 


RULE. 


Then if the length in inches be multipli-d by 35, and 


divided by © times the breadch, the ſquare rout of the quo- 
tient is tre depth. 


And, If the length in inches be multiplied by 35, and 
divided by 6 times the ſquare of the depth, the quotient gives 


the breadth. But fince the equation for a fir girder is 4 — 2. 


6 3 
the ſame may be applied to oak, by conſidering what has 
been ſaid, viz. that oak is to fir as 8 to 7. 


Now, if we reduce 2 in proportion, as 8 to 7, we 


mall have — 5 for the ſtrength of oaken ſcantlings. 


e: 7 :: 


23 abaUe. 


2 2 the very fame numbers 
3 us '© 


For Oaten Tie Beam. 


Tue firſt, in the table, is 12 feet long, 5 inches broad, 
and 8.2 deep. 


Then 


* f § We Ai „„ r : 
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But the fir is for the ſame dimenſions == - 


Now if we reduce the = in proportion 3s 8 to 7, we ſhall 


have & for the ſtrength as above. 


Thus have I ſhewn how the proper dimenſions of fir 
ſcantlings may be found, that the ſtrength may be as the 
Kreſs; and by the ſame method may thole of oak ſcantlings 
de ſound, by making an equality from the dimenſions of he 
fiiit in a table, as was done for the fir. Or the fir equality 
may be reduced to that of oak, in the proportion of 8 to 7, 
as has been already mention: d. 

Now as I always took che ſhorteſt ſcantlings for my 
ſtandard ones, in o der to get an equotion for the firength, 
fo | am per{uaded they are the likeii-|t to have been uied, 
and found to be of a ſufficient ſtrength, therefore it tables 
be made from the flrit of each, all the others made from 
thence by the foregoing rules, are preſumed to be ſtroug 
enough, for any buildings, nay, perhaps itronger than they 
need be. So that theſe rules are founded upor true mathe- 
matical principles, and ſhew thoſe tables given by carpenters 
and architects are not right, but greatly erroneous ; and this 
tully demonſtrates that practice by itſelf is not ſufficient to 
determine the proper ſize of ſcantiings. Some are given a 
great deal too big, and ſome a great deal too little. How- 
ever theſe rules are true, and if the tables be corrected by 
tem, much wood would be faved, 


PART 


. 
THE 


COMPUTATION 


O F 


BALLS and SHELLS 


PROPOSITION I. 
Given the Diameter of an Iron Bullet, to find its Weight, 


RULE. 


S 100 is to the cube of the bullet's diameter in inches, 
ſo is 14 to the weight in pounds. 


Example 1. 
Tf the diameter of an iron bullet be 5 inches, what is the 
weight ? 


5 As 100 : 125 :: 14 
5 14 
23 500 

5 125 

125 cube of 5. 1.00) 17. 50 

* 17 f. the weight 

Example 2. 
If the diameter of an iron bullet be 31 inches, what is the 
weight ? 


The 
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The cube of 3.5 inches=42.875 
As 100: 42.875 :: 14 
14 


171500 
42875 


1,00)6,00.250 the weight 6. 


But if the bullet be lead, to find its weight, when the dia- 
meter is known, this is the 


RULE. 


Cube the diameter, and multiply this cube by .5236, and 
and this laſt product by .41, gives the weight. 


Example 1. 
weight of a leaden bullet, whoſe diameter si 


Multiply 5236 
by cube of 5= 125 


26180 
10472 
5236 


65-4500, ſolidity. 
41 


26163 


B. 26.834500, the weight. 
If a leaden bullet be 3 inches diameter, what is the 
weight? 


What is the 
5 inches? 


Multiply - 
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PROP. I. 
The weight of an iron bullet being given, to find its diameter 


RULE. 


As 14 is to the given weight, ſo is 100 to the cube of its 
diameter, the cube thereof is the diameter fought. 


Example 1. 
If an iron bullet weigh 6 pounds, what is the diameter ? 
lb. 
As14 :6:: 100 
4 — 


14)600(42.85, the cube of the diameter. 
_— | 


40 Its log. is 1.63144 

2 

— + of it is 54381 

120 its number, is 3.5 the diameter. 
112 


80 
70 


Example 
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Example 2. 
Ib. 


As 14 : 17.5 :: 100 
100 


14)1750-0(125, the cube of the diameter; 
Whoſe cube root is 5 inches, the diameter fought, 


PROP. III. 
The weight of a leaden buliet being given, to find its diameter. 


| RULE. 

Divide the given weight by .41 (the ſpecific gravity of 
lead in pounds) and that quotient again by .5236, the laſt 
quotient gives the cube of the diameter, whote cube root is 

Example. 


If a leaden bullet weigh 26.8345 pounds, what is the dia- 


meter? 
406 $345(95 45 
246 
223 
205 


184 
164 


205 
205 


3236) 65.450125, the cube of the diameter. 
5230 


— — — 


13090 Its log. 2.09691 
10472 
A third part. 69897 


26180 Its number 5, the diameter fought, 
26180 


Or the weight of a lcaden bullet may be found thus. 


The 
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The proportion that lead, braſs, and ir on bear to ane another; 


3 caſt braſs as x to 1.1 
Caſt iron is to 140 bend as 18 


a caſt braſs as x to 728 
Caſt lead is to — iron as 1 to 6336 


R caſt iron as 1 to. 8692 
Calt braſs is to} Cf lead 2s 1 to 1.371. 


An iron bullet or ſhot 4 inches diameter, weighs q pounds, 
what does a ball of lead weigh, whoſe diameter is 4 inches? 


RULE. 
Mu'tiply the weight in pounds of the given bullet by the 
dropet multiplier, the product gives the weight of the other 
in pounds, which is required. 


Thus 1-578 multiplier for lead 
9 g. iron 


bh. 34-202 lead 
Anſwer 14-2 (6. the lead ball. 


Example. | | 
What is the weight both of an iron and leaden ball, whoſe 
diameter is 2 inches ? 
The cube of 2 is $ 
Tnen 100: 8:; 14 


1.12 (5. the iron ball, 
And 3.578 
| 1.12 


3156 
os 
1578 


1 76736 
1. 70 . the leaden ball. 


Example 2. | 
What is the weight of a ſhot both iron and lead, whoſe 
is 24 inches? 


1 2.25 
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2.25 inches cubed is = 11.39, 


Then 100 : 11.39 :: 14 


By proceeding in this manner is made the following 


TABLE 
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T ABLE I. 


A Table fbewing the Weight of any Ball of Iron or Lead, 
r * 


| Diam. tron | Lead 
Inches. ib. lb. | 
2 1.12 1.76 
24 1. 59 $8. 1 
24 2.18 3-44 | 
24 2 QI 4-59 
3 3-76 5.96 
31 4˙8 7.57 
32 6. 9 46 
1 7-38 11.64 
5 9. 14.2 
45 10.75 | 16.96 | 
2 12 76 | 20.13 | 
| 44 15. 23.67 
5 17.5 27.61 
52 n.2 | 32-95 | 
3 | 2329 | 675 
=: 20.61 | 42. 
a 30-24 | 47-7 
6} | 34-17 | 53-92 
| 6} | 38.44 | 60.65 | 
62 | 43-05 | 6793 
| 7 | a8o2 | 75.57 


When guns are fortified alike, that is, when they are ia 
the ſame proportion in weight and thickneſs, their tequiſite 
charges of powder may be found by the following 


PROF; If; 
Given the requiſite charge of powder for ane gun, to find the re- 
qrifite charge of powder for ancther gun. 
R UL E. 
As the cube of the known gun's diameter at the bore, is 


to its given charge of powder, fo is the cube of the diameter 
of _ powder is required, to its charge 


b 12 Example. 


116 The COMPUTATION 
| Example. 
The diameter at the bote of a nine pounder is 4.3 inches 
and its charge is 45 pound of powder what will a twenty-four 
pounder require, whoſe ciameter at the bore is 5.9 inches ? 


P. VI. 


4-3 5-9 
43 5-9 
129 531 
172 295 
18.49 34 81 
4-3 5-9 
5547 31329 
7396 17405 
79-507 205-379 
lb. 
As 79-507 :4-5 : 205 379 
45 
1026895 
821516 


79.50% 24.205501 1. 6 B. required. 
Whence the ſollowing table is eaſy to be underſtood by 


infp.cclion, | 
TABLE I. 
A TaBie of Gunnery. 


| E : | Powezr tor Proof, | Powder tor Service. | 
Guns, Diameter Diameter bs 
Pound- | of the of the Braſs. Brais and | Braſs. Baſs and 
ers. Bore. | Bullet. Land Iron. Land Iron. 
| Service, Sea Service. S-rvice, |Sca Service. | 

Irc het. Inches. ib. 9%. th. ox. | 6. 6. ib: 02, 

\. #| 83-1 kg j or8] ef ors 0:4 
3 2.9 | 27 | 3:0] 30% 11228 
© 3-6 3-4 | 6:0 0:0] 3:0| 3:0 

42 4.2 4. S:@]1 0 een e 

412 40 4.4 | 12:0 [a2 :20 6: 0 6: 0 
18 5-3 | 5- | 18:0 | 15:0| 9:0 9:0 
24 | 5:9 5.5 21:0 18 20 12:11:00 
32 6.4 | 61 26:0 21:8 16: 014: 0 

(gz | 7- | 66 | 31:8\|25:0| 21:20 12:20 

| To 
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To find the proper adjuſtment of powder for any piece of 
ordnance, whether true bored or not, fo as to render the 
bullet capable, af doing the greateſt execution, is a very diſſi- 
cult problem in gunnery, and though f:veral rules have been 
given, engineers have found them often fail: and this I take 
to lie in the different ſtrength of powder, or in the piece of 
ordnance, or in both; therctore experience will be your beſt 
and ſureſt guide. Engineers uſually allowed two thirds of 
the weight of the ball, tor its proper charge ; but experience 
ſhewed that this was more than neceſſary, and then they 
allowed about one half its weight, which continues prett 
nearly the fame to this day. In October 1739, the Fren 
engineers made ſeveral experiments at La Fere, to adjuſt the 
charge to the piece, by which it appeared from the reſult of 
the experiments, ſays Mr. Bigot de Morogues, 

Th-t a 24 pounder ought to be charged with no more than 
9 pounds of powder. 

16 Pounders with 6 pounds. 
12 Pounders with 5 pounds. 
8 Pounders with 3 pounds. 


And that larger charges than theſe do not (fays he) the leaſt 
22 the flight of the bullet. 
the French Memoirs, of Royal Academy of Sciences, 
are ſeveral experiments relating to gun-powder aad artillery, 
made by the Chevalier d' Arcy, and M. le Roy. 
Theſe 


minute 154 ſeconds, and in the ſhorter in 704 ſeconds; had 
this been 576 feet long it would have taken up 1055 feccnds. 
They made ſome other xperiments for the better ſettling 
this proportion : they made two trains, one of 136+ feet 
long, with the ſame dimenſions as the above, and the other 
139; feet long, and 4 lines broad, and as many deep, as above 
related. The fire took up 18 ſeconds in running through 
ade ends yp Aenean L 
ines broad, which gives the ſame proportion of 5 to 7, 
different to what moſt authors ſay of this ſubject. x IF 
In order to find the relative velocities of powder incloſed 
and open, they made a train like in all reſpects to the laſt 
mentioned, but cloſed at the ops and che flame paſſed quite 


3 though 
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through in oy ann inſtead of 257 ſeconds, being almoſt 
four times the veloc . 

It would be n to ſuppoſe from this experiment, that 
in powder incloſed in fire arms, the inflammation would be 
fo quick as to be conſidered as inſtantaneous; yet it is far 
otherwiſe, and proved by ſeveral undoubted experiments, 
that powder takes up time in inflaming. and that ſuch time is 
ſufficient to produce effects truly ſen bie. 

Having thus ſettled the —, the inflammation of powder, 
the next points to be determined were, 1. The moſt advanta- 
n cannon. i» > The moft advantageous 
cannon iven charge; and 3 At what part of the 
> ne c 
be the quickeſt poſſible 

But the reſult of the above 40 trials, (they made after Mr. 
Robins's Method, as the moſt certain for meaſuring the efforts 
of different charges ot powder) it appeared that the charge 
capable of producing the greateſt effect, is that which takes 
up between the third and the half of the length of the cavity 
of a given barrel; which agrees nearly with what Mr. Robins 
had determined from theory. But what is remarkable, if the 
charge be farther increaſed, the force and velocity of the 
bullet will be diminiſhed. 

In order to find the length of the cannon proper to produce 
the greateſt effect with a given charge, the above gentlemen 
made ule of ordinary m barrels of different lengths. the 
firſt of 4 feet, the ſecond of 5 fert, and the third of 6 feet, 
and it was frond that the longeſt always gave the greateſt 
force of the bullet, though they could not preciicly determine 
what length was the beſt to ſtop at. 

As for the beſt place for mk hg ihe touch hole, or applying 
the fire to the charge, they cauſcd a cannon to be ſuſpended 
by a long rod, like a pendulum, and drilled in it ſeveral rouch- 
holes, a: unequal diſtances trom the breech ; from this me- 
thod of mounting the piece, there were two ways of difco- 
vering which was the moſt advantageous touch hole, firſt by 
the greateſt excurhons of the paller againſt which the bullet 
was fired; and ſecondly by the recoil of the cannon. 

Upon trial it ſeemed to appear, that the touch-hvle which 
gave the quickeſt inflammation to the powder, was at ſome- 
what above half ihe length of the charge from the breech, but 
the violence of the blows having broken f-veral pallets in 
| pieces, this article was reterted to ſome further examination. 


PROP. 
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FROMAR V;,  * 
To find the cubic inches in any bomb, and how much powder will 


fill it. 
RULE. 

Multiply the cube of the diameter of the hollow part of the 
bomb by. 5236 gives the cubic inches, and that product again 
oy og GOP product will give the quantity of powder re- 
quired in pounds, 

Example. 


A bomb for a 13 inch mortar its diameter is 124 inches, its 
concave axis being about 84 inches, it is required to know 
how much powder will be ſufficient to fill this ſhell? 


8.25 
8.25 
4125 
1650 
6600 
68.0625 
2 8.25 
3403125 
1361250 
5445000 
561.5150625 the cube of the hollow part's diameter» 
OT 
3329093750 
1634546875 
1123031250 
2807578125 
294. 005812 5c 
- And 294 
032 
588 
882 | 
a. 408 . of powder to fill the ſhell. 


I ſhall take the liberty to inſert here a table founded on ex- 
periment made in ihe year 1743-4. by the ingenious Mathe- 
matician Mr. W. Nlountaine, F. R. S. mafter of the academ 
in Gains ford ſtreet, Southwark, from page 116 of his Practi- 
cal Sea Gunner's Companion, which the reader may compare 
with the above. 

I 4 TABLE 
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TABLE YV. 
The ing table is in Mr. Stone's Mathematical Dic - 
tionary, and is Mr. Anderſon's, ſhewing the requiſite weight 
of powder for all mortar*, from 6 to 20 inches diameter, 


Niameter 2 Diameter Weight 
in inches Pounds. nces ſin inches. Pounds. — 
6 1 13! 10 
6x =. : * *. 2 115 
7 = 5 144 | 38 
IT 1 15 1 
1 15 14 
8: K-24 18 16 
„ 3 15 1 
9 33 13 Ea 
10 „ 171 20 1 5 
10 3 18 22 122 
BM 1 3 185 . 
114 5 82 19 20 13 
12 12 195 3 3s 
| an$- | 7 > oF W024 
. 13 | 2 9 BE 2 | 


For proof, the chamber of the mortar is moſtly fiiled full of 
powder; but for ſervice, the quantity is diminiſhed, or in- 
creaſed, as the random is leſs or greater. a 


PROPOSITION I. 
To compute the number of cannon balls in any pile, whether 
ſquare, oblong, or triangular. 
From prep. 1. 17 of my Tranſlation of Mr. Stirling's 
anne as od 4 Hu number of ſhort in the ſide, then 
for the number of ſhot in any finiſhed ſquare pile, we have this 


theorem e 1 = number of ſhot. 


2. 
If I length of the bottem. and and hg breadth, then the 
number of ſhot in an oblong finiſhed pile is found by this 


theorem. bxb+ — 5 asse ‚ 


p. VI. of BALLS and SHELLS. #23 


3- 
If x= number of balls in the lower tier, then for the num- 
ber of ſhot when piled in a triangular manner this is the 


hearem. — . * 22 number of ſhot. 


PROP. IV. 


n in any ſquare, oblong, finiſhed or 

ſhed pile. 

8 is a gener: one; for let þ and c denote the upper 

ſides of an unſiniſhed pile, and put :=b+c, the ſum of the 

upperfides, and x = number of ranges; 
Then hex ſum of the firſt top column. 


And n ſum of the ſecond column. 


And — —= ſum of the third column. 


W hence to find the whole ſum, we have this theorem, hex + 
— ——= tae number of ſhot contained 
2 
in the pile. 
But as the above theorems require ſome knowledge in al- 


gebra, I ſhall here illuſttate the ſame by examples, and rules 
in words at length. 


Example 1. 
To find the number of /bat in a ſquare pile. 


| 

RULE. | 

To the number of ſhot in the fide add one, and multi 
the ſum by the number of ſhot in the fide, and reſerve the 
product z to twice the number of ſhot in the fide add one, - 


multiply this ſum by the reſerved product, a ſixth part of the 
laſt product is the number of fhot in the pile. 


Exampie 2 


There is a {quare finifhed pile, whoſe fide is 30 ſhot ; how 
many balls in that pile? 


To 


124 The COMPUTATION r. vi. 


To To twice 30 g 60 
30d - add 8 1 
Sum 31 61 
X by 30 
PFiodud 930 reſerved 
"= 
93 
5,8 
£)55730 
9455= number of ſhot. 
II. 
To find the number bat in an oblang finiſhed pi. o. 
RULE. 


To three times the number of ſhot in the length of the 
baſe add one, and from the ſum take the number of ſhot in 
the breadth, and note the remainder; to the number of ſhut 
in the breadth add dne, and multiply that ſum by the num- 


ber of fliot in the breath, and this product by the remainder, 


a fixth or the Jait product is the number of ſhot required. 


EF X57! 9 2. 
There is an oblong pile, whoſe length at the baſe is 38 hot, 
and b:ciith 12; required che number of ſhut in that pile! 


To 3Bx3=114 | & | 
add 1 add I 
From 115 13 
tk 12 12 
Rem. 103 156 

150 

618 

515 
103 
6)1 6065 


t 
h 
, 
| 
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III. 
To find the number of c:nnon balls, when they are piled 
in a triangular manner, 
UL E 


To the number of balls in the lower tier add one, multiply 
the ſum by the number of ſhot in the lower ticr, and reſerve 
half the product; to the number of balls in the lower tier add 
two. and divide the ſum by three, and ihe quotient mul: iplied 
by the teſet ved half-product gives the number of ſhot required. 


Admit there is a triangular pile, the length of whoſe lower 
tizr is 18 ſhot ; required the number of thot in that pile? 
To 18 
add 1 


18 
mult. 18 | add 2 


1140=number of ſhot. 


IV. 
To fiad the number of ſhot contained in any pile, whether 
ſauare or oblong, finiſhed or not faiſned. 


RULE. 

1. Multiply the upper ſides together, and reſerve the pro- 
duct; tike one from the corner row, and multiply the ſum of 
the upper fides by the remainder, and reſerve half the product. 

2. Multiply twice the corner row leſs one, by the corner 
row jets ane, and reſerve one ſixth part of the product; the 
ſum of theie three laſt reſults multiplied by tune corner row, 
tie product i the number reguircd, | 


E bY 4 . 
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Example 1. 
Let it be required to find the number of balls, in a 
finiſhed pile, whole fide is 30 ſhot ? WO 
Product upper fides 1x1=1 
29X 2 58, and 29 


1711 2903 


59 * 291711 and —— 


2 31853 
= 3x 
Ne ſhot = 9455 
Zrampl 2. 


Let it be required to find the number of ſhot in a ſquare 
unfiniſhd pile, whoſe upper ſides are 6, and the corner row 857 


6x6 <-'- - = 
84 


12X7= 84, and 2842 
10 
S XK 7 = 105, and 2177 
Mult. * 
Ns ſhot =764 
Example 3. 


There is a finiſhed oblong pile, length of whoſ: upper 
range is 43 ſhot, and the tide row is 10 how many ſhot in 
rhat pile? 

WHSP +: * 9 8-05 
660 
44% 15 , and ＋ 2220 
465 
31 * 15465, and —= 771 
ä 450: 
Mult. 16 


ö Ne ſhot «» S ν 
ramp. 


r. vl. of BALLS and SHELLS. 127 


There unfiniſh- * 
is an iſhed oblong of ſhot, whoſe upper 
r rnd 6 thr, and te corner row how many 


z20ox6= - = - 180 
36X7=252, and —=126 


15X7=105, and == 17z 


PART 
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Example 1. 
Let it be required to find the number of balls, in a ſquare 
finiſhed pile, whoſe fide is 30 ſhot ? i 


Product upper fides 1 
29 Xx 2 58, and 229 


WT 1718 29043 

— and 8 5 
um 3152 
Mult. 30 


No ſhot = 9455 


Examble 2. 
Let it be required to find the number of ſhot in a ſquare 
unhniſhd pile, whoſe upper ſides are 6, and the corner row 857 
6x6 - - - =36 


12X7= 84, and 24 


10 
S Xx 7 = 105, and 2152 
Mult. ** 
NY ſhot =764 
Example 3. 


There is a finiſhed oblong pile, length of whoſc upper 
range is 43 ſhot, and the tice row is 10 how many {hot in 
that pile ? 


8 * — 43 
© 
44x 15=660, and ——= 330 


465 
Z1 X 1528405. and = 77 


450! 
Mult. 16 


— 


Ne ſnot S720 
Fram). 
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There unfiniſh- 8 
is an unfiniſh-d obloog pile of ſhot, whoſe upper 
—— and 6 ſhot, and the corner row 8; how many 


zox6= - = = 180 
36 Xx 7 =252, and —==126 


15X7=105, and == 17 


PART 


and right againſt it, is its logarithm required. 


LOGARITBEMICAL ARITHMETIC, 


OGARITHMICAL Arithmetic ſhews how theſe parts 
of vulgar and decimal aiirhmetic, that conſiſt of multi- 
prcation and diviſian, may be performed by addition and ſub- 
traction only. | 
Logarithms are artificial numbers which are difpoſed into 
tables, and placed 2g2inft their natural numbers, proceeding 
from 1 to 10000, and are ſuch that the ſum of any two loga- 
rithms correſpunds to the multiplicatian of their natural num- 
bers, that is, the ſum of any two logarithms ſtands againſt 
that number which is the preduct of thoſe numbers anſwering 
to the two given lozarithms, 
Thus, | 
Let the number 84 its logatichm 1.92427 
be multiplied by 5 — — — 069897 


The product is 420 ſtanding agſt. its log. 2.62 324, the ſum. 


The whole number (as 2 in this example) prefixed to the 
decimal part of any logarithm, is called the index of that lo- 
garithm, and is always leſs by unity than the places of Whole 
numbers, in the number anſwering to that logarithm, 

Thus $5742 the logarithm is 3.75906 


204- 2.75906 
$7.42 — — — 1.759c6 
$-742 — —_ — 2.75906 
5742 — — — 1.75906 


PROPOSITION I. 
Ta fend ihe logarithm of any whole number. 


RULE, 
Find the number in the left hand column, in the tables, 


| Examples. 
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Examples. 
12 329 


12 


RULE. 
Take the decimal part of the | anſwering the 
mixed number, as if a whole number, to which prefix 
2n index which muſt be always the leſs by unity than than the 
places of whole numbers in the given mixed number. 


Examples. 
371.7, its logarithm is 2.5701926 
41.17 — — — 1.6145809 
| ³˙·- 


PROP. III. 


To find the logarithm of any whole or mixed number, that exceed 
the limits of the tables. —— 


r Leer in the 
tables, which are the next greater, and next leſ than your 
given number; multiply this difference by the figures in the 
given number, which are more than the tabular figures, cut 
off as many figures from the right hand of the pr e 


multiply by, the reſt being added to the leſs logarithm, 
wer. 


Required the — of 471285? 

OygRAT1ON. f 
471200 logarithm — $.6732053 | 
471300 — — — $-0732974 — 


471285 log. = 367 32835, anſwer. 
K Example 
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a 


Example 2. 
Required the logarithm 825.814? 
825.8 logarithm — 2.9i68749 
825.2 — — — 2.9160275 

526 
14 
2104 
826 
734 
29716870 
825.814 logarithm g 2 91688, anſwer. 


| TROP. IV. 
Any logarithm being given to find the number anſwering thereto, 


RULE. 
Find the given logarithm in the tables, and right againſt it 
is the number required. 
| Example. 


Required the number anſwering the log. 2 6732053? 
Examine the tables, and you will find the number to be 
471-2. 

But when the number anſwering the given logarithm ex- 
ceeds the limits of the tables, then find the difference between 
the given logarithm and the neareſt leſs in the tables, to 
which add cyphers, and divide the reſult by the difference be- 
tween the next greater and next leſs tabular logarithin, the 
quotient (which will conſiſt of as many figures as you brought 
down cyphers) being annexed to he right hand of the num- 
ber anſwering to the next leis logarithm, is the anſwer. 

Example 1. 
Required the number anſwering the log. 3.72841 53? 
OrzxaAriox. 0 | 
8 — 37284349 
Next leis logarithm — — 3.7283538 
Difference — — =— 811 
Given logarithm — 3728415 
5350. oo logarithm — 3.72835: 


— 81 1).61 50-75 
5350.75, anſwer. 


Examyie 
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Example 2. 
Required the number anſwering to the log. 6.421371 3? 
OrperATION. 


Next the logarithm — 6.4214 
due ted les — -— Conoomed 


meander Ren, 1646 
Gs een 


586.2 1 
FF OO 
13168 
* 
MuLTIPLICATION by logarithms. 
CASE I. | 
To find the product of two given whole or mixed numbers, 
RULE. 


Find the logarithm of each given number, and their fum 
will be the logarithm of the product, whoſe correſponding 
number had from the tables, is the anſwer. 


Example 1. 
by 25 — — 139794 
Product 2100 — — 3-32221 


Example 2. 
Multiply 41-5 log el 1.61804 
1 7.24 — — 8.85973 
| 247777 


— — 


When CAS E U. 
both or either of the factors are leſs than unity. 
K 2 RULE. 
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RULE. 
Remove the decimal point towards the right hand till the 
figure becomes a whole number, with which take out the 
logarithms, and find the product as by caſe I. then remove 
the decimal point as many places towards the left hand as you 
before removed it to the right, and it is the true product. 


Example 1. 
| removed, 

Multiply 5 4 — 5-4 logarithm ©.73239 
by 25 — 2-5 — — 0.32794 
Product 1.35 135 — — 1.13033 

2. 

removed. 
Multiply .74 — 7-4 logarithm 22 

by 5-25 — 5-25 — — 9.7207 

Product 3.885 38.85 1.58939 

Example 3. 

| removed. 
Multiply .742 — 7-42 logarithm 0.87040 
by 421 — 4-21 — — 0.62428 
Product .312382 31.2382 1.49468 


9 


Diviszon by logarithms. 


CASE L 
To divide a whole or mixed number by a leſa whole o; 
ixed number, | 
9 RULE. 


From the logarithm of the dividend ſubtract the logarichm 
of the diviſor, and the remainder is the logarithm of the 


quotient. 

, Example 1. 
Divide — 624 logarithm 2.79518 
By 2 * 26 — — 1.41497 


Quotignt 24 — = 7.38028 
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Example 2. 
Divide — 1221 logarithm=3.0867 1 
by — — 814 — — =1,91062 


k CASE I. 2 
When both or either of the factors are leſs than unity. 
RULE. 
numbers, and the dividend the greateſt, with which find the 

product as before. | 
Then if the dividend be more places removed than the di- 
viſor, by the exceſs remove the quotient to the left hand. 
But if the diviſor be more places removed, by the exceſs re- 
move the quotient to the right, and it is done. 
Example 1. 
removed. a 
Divide 72.42 — 72.42 logarithm g 1.85985 
by — 343 — $543 — — 0.73450 


Quotient 1-33379 1.333790 — — =1-12505 


Example 2. : 
removed. 5 
Divide 8 75 — 87.5 logarithm =1.94200 
— $1.43 — 5.43 — — SL7IH2T 


=0.23079 


Divide .7824 — 7-824 logatithin=0.89342 
by — 4321 — 4-321 — — =0.63558 


Quo. 1.81069 — 1.8106 — — =0:25784 


\ 
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PROP. XV. 
The ſquare, cube, c. any given number by logarithms. 


RULE. 
Multiply the logarithm of the given number, by the index 
of the power ſought 
Nate, 2 is the index of the ſquare, or ſecond power. 
3 is the index of the cube or third power. 
&c. &c. &c. 


Example 1. Example 2. 
What is the ſquare of 51? | What is the cube of 12? 
1 logarichm= 1.70757 12 logarithm=1.07918 
Cex — — ; 2| ls _ 88 3 


Anſwer 2601 =3 41514 | Cube is 1728 = 3.23754 


PROP. VI. 
To extract the roots in logarithms. 


RULE. 
This is only the reverſe of the former rule, namely, divide 
the logarithm of the given number by the propoſed index, 
the number anſwering to the quotient is the required root. 


Example 1. | Example 2. 

What is the ſquare root | What is the cube root of 
of 144? 1728 ? ; 
144 jogarithm 2. 158 36 1728 logarithm =[3.23754 

Anſwer 12=1.07918 | Anſwer 12 =1.07918 


To work the rule of three dire logarithmicalh. 


Add the logarithm of the ſecond and third terms together, 
rom which ſum take the logarithm cf the firſt term, and the 
remaĩnder is the logarithm of the fourth term ſought, where 
adius is 10. As is evident to any one that purſues the ſolu- 
tions to the following caſes in trigonometry. 


PART 


a #2 "EIN 


& © To a. 


PLANE TRIGONOMETRY. 


RIGONOMETRY is a rule by which we learn how 
to compute the length of the fides and quantity of the 
les of all manner of triangles, hom prop-r data. 

* order to which there is calculated and diſpoſed into 

tables, the length of the fines, tangents, and ſecants of each 

degree and minute of the quadrant of a circle · vhoſe radius is 

1 0000000000, and theſe are called natural fines, tangents 
and ſecants. 

Bur with regard for accommodating the aforeſaid tables to 
practice, the logarithms of the natural fines, tangents, and 
ſecai.ts are dif, oftd into tables, which are called artificial fines, 
tangents, and ſecants. And it is not only requifite that the 
circumference of a circle be divided into degrees and minutes, 
but likewiſe certain lines both within and without the circle 


are to be expreſſed by parts of the radius. 


DEFINITIONS. 
1. CBS radius of the circle AGIBE. 
2. IB chord, a right line joining the extremities of the 
the arch IB together. . 
3. IF =chord of the arches IBF, and IAF. 
4 ID=fine of the arches IB and IA. 
5. CD=co-fine of the arch IB. 
6 BT =tangent of the arches IB and IA. 
. CT =fecant of the arches IB and IA. 
. DB=verſed line of the arch IB, and 
9. DA==verſed fine of the arch IA. 

10 The complement of an arch is what it wants of a qua- 
drant, or o degrees; then Gl is the complement: of BI, 
for BG is a quadrant. 

11. GH=co-tangent of the arch IB, 

12.CH=co-fecant cf the arch IB. 
13- GE =co-ve: fed fine of the arch IB. 


K 4 CO- 
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COROLLARY. | 
Hence the co fine, co-tangent, co- ſecant, co-verſed fine of 
an arch, is equal to the fine, tangent, ſecant, verſed fine of 


SCHOL{UM. 
As co- ſine : fine :: radius 


radius : fine : ſecant : tangent. 
radius : co-fine :: ſecant : radius. 
radius : — 22 — : radius. 
tangent : radius 22 ius : co-tangent, 
co-tangent : co-ſine :: co-ſecant : radius. 
ſine : co-hne :: tangent : radius. 
fine : co-fhne :: radius co: tangent. 
co- ſine : radius :: radius : fecant. 
fine : radius :: radius : co-ſecant. 
ſecant : tangent :: radius : fine. 
ſecant 2 n :: 


radius : co-fine. 
Hence 1. Radius ſquare=fine ſquare + co-fine ſquare 
ſecant ſquare—tangent ſquare =tangent multiplied by the 
co-tangent. 
2. Sine Nedius iquare—co-tine ſiquare. 
3. Co-ſine tadius iquaie ſine ſquare. 
T fine ſecant 
* 881 
tangent co-ſccant rad. ſq. 


3 "co-rangent © co- nne 
tangent ſquare. 
6. Verſed fine radius co- ſine. 


rad. ſquare 
7. Co- tangent . 


tangeat 
8. cot _ Fad. ſquare 


| tine 

The foregoing properties of fines, tangents, &c. are the 
natural fines, natural tangents, &c. and they muſt be actually 
multiplied, and divided, and here radius is always I. 


Example. 
W hat is the co- ſecant of 15 or? | | 
The natural fide of 15% or is=.2591, and radius =1, and 
tonſequently its ſquare 1. 
Then :2591)1.000000c(3-35951, the co- ſecant required; 
and ſo of the rell. 


=y/rad. g. 
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But what here follows, belongs to the logarithmic fines, 
logarithmic &c. and the radius here is always 10: 
and then addition and ſubtraction performs the work. Thus, 


. radi log. fine— co-fine= tangent. 
> Tice log, 144 — Ts — 


Twice log. radius log. tangent log. tangent of the 
— of that arch DRIES” 
Example. 1. 
What is the log. tangent of 30® 10/ ? 
The log. radius 10.0000C00 
+ log. fine of 38.10 8 7909541 


Sum 19.790954! 
Take log. cokae, 38⁰ 5100 98955422 


Log. tangent of 38® u | 9-8954119 


Example 2. 
What is to tay ſecant of 38 107? 
2 log. radius 20. 
—log. coſine 38 10” 9 8955422 
Log. ſecant of 38” 105 10. 1044578 
What is the log. co-tangent of $ 10 * 
is nt 
2 log. radius 29. , 
—log- tangent 98954179 


Log. co-tangent of 387 10” 10. 104588 7 


p RO p. I. Pros. 


7e find the fine, co-fine, tangent, Sc. ta 90 degrees, of the in- 
ter mediate parts of a minute. 


RULE. 

Take the difference between the fines, &c. of the given 
degrees and minutes, and of the minute next grea er. Then, 
as I : is to that difference : ; ſo is the given intermediate part 
of a minute in decimals : to a fourth number. Therefore 
multiply that difference by ſuch decimal part, and add the 
produt to the fine, tangent, and ſccant; * 
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the co-fine, co-tangent and co-ſecant of the 
minutes, the ſum or remainder, will be the 
required. 


Example 1. 
What is the natural fine of 1 48” 28” 2% 
The nat. fine of 1 49” 31701 


31410 
2907 


Now as 1: 2907 : : (28” 12” =). 47: 1366 
The natural fine of 1 48 wakes 


— ——— 


The nat. fine of 10 48” 28” 12” 315474 


Example 2. 
What is the log. fine of 1 48 28” 127? 
The log. fine of 10 40 8.5010798 
log. fine of 1 48” 8 4970784 
Difference, 40014 
Now 28” 12” =© 47 
Then 40014 £.47= 18805 
Add log. fine of 10 48 = 8.4970784 
Log. fine 19 48 28” 12 8 4989589 
Example 3. 
To find the log. co- fine of 88 11” 31” 48”? 
Log. co fine of $89 11 8.50 10798 
Log co-ſine of 88 12 8.497078 
Difference 40014 
But 31” 48'”=0.53 
Then 40014 * . 53 21207 
Froa, co: fine 88911 8 5010798 
Take 21207 


Log. co- ſine 881 31 48 = 8 4979591 


P. Vn. 
degrees an 


tangent, &c. 
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Example 4- 

Required the log. tangent of 2% 2J 33 36”? 
Log. tangent of 2% 24 06223427 
Rog. tangent of 2 23 8.6193127 

Difference X 30300 
But "=0 
to 22 1 8.6193127 
add 30300 &. 562 I 


Log. tangent 20 2J 33 36 '= 8.620095 


£&# % 7 8 * 
Given the natural or logarithmic fine, co-ſine, tangent, &c. to find 
the arc. 
RULE. 


Take the next leſs of the ſame kind fourd in the tables, 
and ubtract it from that given, obſ-rving the degrees and 
nun ates arwfwering to it; then annex 2 or 3 cyphers to the 
remainder; divide it by the difference between it and the 
next greater, the tient will be the decimal part of a mi- 
nate, to be added or ſubtract ed from the degrees and minutes 


before found. 
Example 1. 


Given this log. fine . 8 3038 59 to find the arc? 
Firſt. the given log. fine is= 9.83938 59 
The next leis is 43 41 = 9.892719 


Difference 1140 
The diff between the 430 41 9.839271 
And the next greater 43 42 9.839404 1 


Is 1322 
Then 1 322)1140 862 
Aafſwer 4304.862243 415% 47%. 


Example 2. 
Given the log. tangent 9.6766687 to find the arc ? 
Firſt the given log. tangent is 9.6766687 
Next leſs is log. tangent 259 24 9.6705426 


Difference 1261 
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The difference between it and the next greater, viz. 25 
25 is 3260, then 3260)1 261.000(0'. 387 
And 25 24.387=25" 24 23 13”, anſwer. 


Example | 
Given log. co- ſine. cams © tad ho wn | 
Firſt log. co-fine given 2.9994206 
Log. co-fine of 2" 58 next leſs 9g.9994176 


Difference 30 
Diff. between 25 58 and 2 9 865 
Then 65) 30. 00000. 4615 
| From F i 


Take 0 0.4615 


2 57-5355 
Or, 2 57 32 105 anſwer. 
PROP. III. Pros. | 
Gruen the radius and arch of a circle in degrees and minutes, is 
find the length of that arch. 


RULE. 
Multiply the radius of that arch by. 07453, and this pro- 
duct by the number of degrees and decimal parts, gives the 
length of the arch, in the tame meaſure the radius is of. 


| What is the length of an arch of 106 28' whoſe radius i 
24 yards ? 


01745 _ 
24 radius 
— 


6980 
3490 
41880 | 
106.46=1069 28 


251280 
167520 
251280 
418800 


__44-5854480 yards, anſwer. 
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This rule is uſeful for finding the meaſure or length of 
the circular part before a baſtion, of the ditch before a ravelin, 
of the retired flank, &c. 


the PR - — + Bag 8 — of their fines, 
Given F two ang pr i to 
find the angles ſeparately. 


RULE. 

Divide the product of the fines, by .5, and to the quotient 
add the co-fine of the ſum of the angles, and the ſum will be 
the co- fine of the difference of the angles ; which difference 
added to, ot ſubtracted from the ſum, the ſum or difference 
is double the greater, or double the leſs angle reſpectively. 


1. 
Suppoſe the product of the of two angles be. 294114, 
and their ſum 8 10 30”, what are the two angles? 


+5)-294114( 


58822 
Add coſine 81 300 14780 


7 3602 co- ſine of che Ciffecence 


Example 2. 
Suppoſe the product of the ſides of two angles be. 44131, 
and tacic fum=84* 32, what are the two angles ? 
+5).44131( | 


— —— 


| 88262 
Add co-ſine. 9526 of 84% 32 


Co-line= 97788 of the difference of the angles 12. 
Ta 


„ —— 


N * ö 
— — * . * 


— — f — 
— OR — i a9 > 


Frs. To 5 45 32 
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From 84* 32 

Add 12 4 Take 12 4 
296 36 272 28 
18 36 14 


greater angle=483® 18 
Anſwer I Fg, angle =36 14 


Ax lo us. 
I. In right angled triangles, any fide being made the radius, 
92. (emidiameter or ſweep of a circle, the other two will be fines, 
tangents or ſecants, which words being writ upon, or ex- 
c pounded by them, it will be 
of As the word on the given fide, 
Is to the given fide; 


So is the word on the fide required, 
To the fide required, 


N. B. The word on any fide of a triangle, is to be under- 
94. ſtood the fine, tangent or ſecant of the degrees and minutes 
which are contained in the angle exprefſed by that word. 
II. The ſides of any plane triangle, whether right or oblique 
angled, are in proportion to one another, as the fines of their 
oppolite angles. 
HI. In any plane triangle, 
As the ſum of any two ſides 
Is to their difference 
e of their oppoſite 
an 
To 8.4 of half their difference. 
IV. In any plane triangle 
As the baſe is to the ſum of the two other ſides, fo is the 
difference of thoſe ſides to the difference of the ſegments 
of the baſe made by letting fall a perpendicular from the 
angle oppoſite the baſe to the baſe. | 
V. Half the ſum of any two numbers being added to half 
their difference, gives the greater number. But, 


Half the difference taken from the half ſum, g'ves the leſs 
number. 


VI. Having 
find an angle, 


the three ſides of an oblique triangle given, to 
Set 
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Set down the fide oppoſite to the 
it the other two ſides ; from their half ſum ſubtract each fide 
in the order they ſtand, then find the complement arithmeti- 
cal of the logarithms of the half ſum, and fi: ſt remainder, and 
alſo the logarithms of the other two remainders. then will the 
half ſum of theſe four logarithms be the tangent of half the 


le 

"The nk am of o tindins i found by beginning at the 
index, and writing down what each figure wants of , all but 
the laſt, which muſt be taken from 10. 

When there are two figures in the index, reject the firſt, 
and work as before. 

VII. Any two ſides of a plane triangle taken together, are 
greater than the third that remains. 

VIII. The greateſt fide of every triangle is oppoſite to the 
greareft angle, and the greateſt angle oppoſite the greatei: fide. 

IX. The ſum of the three angles ot every plane triangle is 
equal to 180® ; therefore 

X. If two angles of a plane triangle are known, the third 
is alſo known, being found by taking their ſum from 180 


deorees. 


I. If any angle be obtuſe or grea er than go degrets, each 
of the other two will be acute or leſs than go degrees. 


XII. It one angle be right or go degrees, the ſum of the 
other two wiil be go degrees. 

XIII. If one ot the acute ang]l's, in a right angled plane 
triangle, be given, the other is alſo known, being found by 
taking the pven angle from go9, and this defect is called its 
complement. 

CASE I. 


The hypothenuſe and angle at the baſe being given, to 
find the perpendicular. 


It will de proper to obſerve, 
1. When a ſide is required, begin with an angle oppoſite to 


a given fide, | 
2. When an angle is required, begin the proportion with a 
fide' oppoſite to a given angle. 


Example. 
In the triangle ABC, right angled at B. 


143 


required, and under Fi. 
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Draw any right line AB, make Ag 28 4 and draw the 
hypothenute AC= 34 from any ſcale of equal parts, fitted to 
= line of chords, from the point C, let tall the perpendicu- 
AB= 
Meafure BC = 3 Fon the ſame ſcale of equal parts, 


1. By the natural fines, 
Hypothenuſe AC radius. 
From 90 O 


Take ZA= 28 4 


CS 61 56 by ax. XIII 
The natural fine of 289 4=.47049 * 
natural fine of 61 56=.88240 
Radius=1. Hypothenuſe AC=34: 
rad. AC nat. ſ. CA. Fan 
As 1 : 34 :: 47049 
34 


188196 
141147 


15.99666 or 16, very nearly, the perpendicus 


'rad. AC nat. ſ. C 
As 1: 34 ©: 8824 
| 34 


lar BC 


As radius, fine 99 (B) 10.000000 
To bypot. AC, 34 its log. 15.34% 
So is hne £ Ag 28 * 9.672558 


To BCS 16 its log. 1.204037 


9 


gd 
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FT. 


To find AB. FG; 
As rad. fine go? 19.000000 
Iz to AC= 134 log 
So 1s fine C 5& 9.945500 


To AB= 30 log. 1.377145 
II. Baſe AB radius. 
By the natural tangeats, & c. 
fee. EX AC (ang. LA 
As 1.13327: 34: +5332 
34 


21328 
15996 


1.13327)18.1288(16=BC 


— — b.e — — 


fee. 4A AC rad. 
As 1.13327 : 34 : 1: 


— — [03—ISUUä— 


1.13327) 3400000(30=AB 


1.534479 


By logarithms. 
As ſecant CA =28? 4 co. ar. 9.945666 
To AC=34 1.531479 
80 is tangent ZA=28* 4 9726892 
To BC=16 1.204037 
As ſecant ZA=299 o 10.054 334 
ToAC=34 1.541479 
So is radius, fine go? 10.000000 
To AB=30 1.477145 


Perpendicular BC radius, 
By natural ſecants and tangents. 
nat. ſec. © AC rad. BC 
& 23-2256: 6 :; 3: 6 
fee. © AC:: tang. C AB 
A. sag: 36 :: 17806 Þ 


I. By 


TRIGONOMETRY. P. vm. 


By the logari 
As ſecant 4C=61® 56 10.327442 


Is to AC= . 
. . g0* Rey - 4 


ToBC=16 2.204077 

As ſecant 4C=619 5& co. ar. 9.672558 

To AC=34 1.531479 

So is tangent LC =61® 5& 10.27 107 

To AB=30 1-477 144 
Inſtr umentally. 


The extent from go“ to 289 4 on the fines, will reach 
from 34 to 16=BC on the numbers. The extent from 9s 
to 619% 56” on the fines reaches from 34 to 390=AB on the 
numbers. 

CASE I. 


Given the angle at the baſe and the perpendicular, to find 
the bypothenuſe and baſe. : 
E 


99. In the * ABC right angled at B 
7 211 | 
— given ö ä required AC and AB. 
| Geometrical ſolution. 

At any point Bdraw BC perpendicular to AB, which make 
=12 from any ſcale of equal parts; then from the line of 
chords, make the C 53 8 (for 90 36% 52 2 53 8) 
draw the hypothenuſe CA and it is done. 

AC g= 20 

Meaſure 1 ABS 6 
1 ſhall not any more give the operation by the natural 
fines, natural tangents, &c. but lcave it to the Exerciie of the 

learner ; which is very proper he ſhould underftand. 
96. Numerical ſali tian. 
I. H, potbenuſe AC radius. 

go? 


From : 
Take A= 30 52 


4 2 53 8 
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As ſine Z A-3632 9.778119 


To BC=12 1.07018 
So is radius 90 10.000000 
To AC=20 | 1.301062 


As fine ; A=26® 61 co. ar. 0.221885 
5 


To BC=12 1.07918r 
So is fine ; C=53* & 9.903108 
To AB=16 1-204170 


IT. Baſe AB radius. 
As tangent 4 A= 36 52 co. ar. 0.124990 


To BC=12 1.079181 
So is ſecant ZA=936® 527 10.096892 
To AC=20 1.301063 
As tangent Ag 35 527 9.875010 
To BC=12 1.079181 
So is radius, tangent 45 10. ooo 
To AB=16 5 1.204171 
HI. Perpendicular BC radius. 
As radius, tangent 45* 10.000000 
To BC=12 1.079 '8r 
So is ſecant C53 & 10. 221881 
To AC g 20 1.301062 
As radius, tangent 45* 10.000000 
To BC=12 1.079181 
So is tangent 4C=53" & 1.0124990 
To AB= 16 1.204171 
Inſtrumentally. 


The extent from 35” 52 to 9oꝰ on the fines, will reach 
from 12 to 20=AC on the number, the extent from 369 52 


to 53* & on the fines reacheth from 12 to 16=AB on the 
numbers. 


[2 
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Fic. 


CASE 
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F 

i BAY CASE IL 
two acute angles and baſe being given, to find the 
hypothenuſe and perpendicular. | 


Example. 
100. Let the baſe AB 36, and the angle A 
the bypothenuſe AC, and perpendicular 

| Gecmetrical ſalution. 
Draw the baſe AB, which makes = 36 from a ſcale of equal 
parts, raiſe the perpendicular BC, the angle A= 369 
* drawing the hypothenuſe AC to cut the perpendicular 

in C, and it is done. 


oy” 89's gn 


BC=27 
Numerical folutton. 
96. I. Hypothenuſe AC radivs. 
As fine Z. C 53 8 co. ar. g. 903108 
To radius, fine 90? 10.000c00 
So is AB= 36 log. 1.556302 
To hypoth. AC=45 1.653194 
As fine 4; C=53* & co. ar. 0.096892 
Is to AB= 36 1.556302 
So is fine A= 36% 52 9.778719 


To perpendicular BC=27 1.431313 
II. Biſe AB radius. 


As :adius, fine 90“ o. oc oo 
1.566302 
10.090892 
1.65390 
10.000000 
Is to AB= 36 1.556302 
So is tangent Z A=36® 527 9.87 50¹ 


To perpend. BC=27 1.431 312 
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III. Perpendicular BC radius. Fie, 
As tangent Cg 53 & co. ar. 9.875010 | 
To AB=36 — 
So is ſecant &C=$;3 * 10.221881 
To hypoth. AC=45 | 1.653193 
As tangent ;C=53? & 10. 124990 
Is to AB = 36 1.556302 
So is the radius, 90® 19000000 
To perpendicular BC=27 1.431 312 
Injtr umentally. 


The extent from 53® 8 to 90 on the fines, will reach 
from 35 to AC 45 on the numbers. 

The extent from 53* to 36® 52 on the fines, will reach 
from 36 to BC=27 on the numbers. 


CASE IV. 
the baſe aud angles. | 


Example. 
Let the hypothenuſe AC=40, perpendicular POR 
required the baſe AB, and angles. 
Geometrical falution. : 
Draw AB, upon which raiſe the perpendicular BC=24, | 
then with the extent of 40 and one foot in C, cut BA in A, 


join AC, and it is done. | 
AB= | 
Meaſure | 2 th 36* 52 | 
2 00 | 
Remains C= 53 08 

Numerical folution. | 
I. Hypothenuſe AC radius. 96. | 
As AC=40 1.602060 | 
To radius 90 10.000000 | 
So is BC=24 1.380211 | 

oo 

£C= 53 ol 


Fic. 


TRIGONOMETRY. 
As radius 9oꝰ 


10.000000 


1 


Is to AC=40 1.602060 
So is fine 4C=53% 9903108 


Is to radius qo“ 
So is AC=40 


To ſecant CS 8 
| | - #* 


LA 36 52 
As radius, go? 10.0090009 
To BC= 1.380211 
So is tangent 2C=53* 8 10.124990 
To AB 1 505201 


CASE YV. 


P. vm. 


Iaſtrumentally. | 
The extent from 40 to 24 on the numbers, will reach fron 
go to LA = 36 52 on tne fines. 
The extent rom 90® to 53® 8 on the fines, will reach 
from 40 to AB 32 oa the numbers, | 


Given the hypothenuſe and þaſe, to find the 
LET i baſe, to fi perpendicular 


Example, _ 
99 Let the hypothenuſe AC=7 3, baſe AB=55, required the 


perpendicular and angles. 


= 121 


Draw the baſe AB g 55, at B ere& the perpendicular 
then with the extent of 73 and one foot in A. cut BC in C, 
draw the hypothenuſe A » and it is done. | 
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Fre. 
96. 
As AC=73 
To radius, go? 
S is ABS 55 


2A 
As radi | 
To AC=73 1. 1363323 
So is fine ZA=419 07 2327935 
To BC=48 1.681281 
II. Baſe AB radius. 97+ 
As AB=55 1.740263 . 
To radius, go? 10.000000 
So is AC=73 1.863323 | 
To fecant ;A=41® 07 10.122960 | 
98 ö 
— | 
£C= 48 53 
To AB=55 7 74036 | 
So is tangent ZA=41% 07 9. : 
_ ToBC=48 1.681312 — 
_ Glue; | 


The extent from 73 to 55 on the numbers, will reach from [ 

go? to 4C=489 57 on the fines. | 

The extent from 90 to 41 on the fines, will reach 
from 73 to 48 =BC on the numbers. 
CASE VL 

Given the * and perpendicular to find the hypothenuſe 


aud angles. 
L 4 Example, 
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From 


TRIGONOMETRY, 


Examole. 


AC= 
Meaſure} f =53 31 57 
90 o 
tC ow of 
Numerical ſolution. 
I. Baſe AB radius. 
As AB=45 1.653212 


To radius, tangent 457” y0.00000c0 
Sois BC=28 1.447158 


To tangent Z Ag 31 37 9 793946 


As radius, tangent 45 10.000000 


To AB=45 1.653212 
So is ſecant Ag 319 57 10.07 1028 


To AC=53 1.724240 
II. Perpendicular BC r dus. 
As BC=28 1.447158 
To radius, tangent 45* 1 Cocco 
So is AB=45 1.663212 
To tangent C58 7 10.206054 
As radius, tangent 45® 30.C ©0000 
To BC=28 1447158 


So is cant CS 587 1. 2209 


To ACS 53 1.724307 


any ſcale of equal parts, make ABZ 45, raiſe the 
perpendicular BC, which make equal to 28 from the ſaue 
tcale, join the points A and C, and it is done, 


P. vm. 


[| 99. Let the baſe AB=45, perpendicular BC=28, required 
the bypothenuſe AC and angles. 


I Aare 


r. vm. TRIGONOMETRY. 


Inſtrumentally. 
The extent from 45 to 28 on the numbers, will reach 
from 4% to 31% 57 = £ A on the tangents. 
The extent from 31% 57 to o, on the ſines, reaches from 
28 to AC=53 on the numbers. 


 Chjervation. N 
By making the hypothenuſe radius, each fide becomes 
Gnes of their oppoſite angles, and therefore the ſides are in 
proportion to the fines of their oppoſite angles, and the 
contrary by axiom 2, and this muſt be allowed the moſt 
el-gant when it can be uſed; which I have done in every 
caſe except the laft. | 
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OBLIQUE PLANE TRIANGLES. 


CASE I. 
Given one fide and the angles to find the other two ſides. 


Example. 
Ia the oblique triangle ACB 
CASA i 
are ginen| £B=53 5 
A3 = 42 


Make AB=42, das AC making the angle A=28® , 
alſo making the CBS g 5 8, draw BC, and where it meets 
AC, the triangle is conſtructed. 


Calculation. 
From Ms 180 oc 

tA=28: 4 
Take pn. 8 


Sum 


Remains C 
which uſe. 


8r 12 
98 48 irs ſupplement is 81 12 
| As 


1 
f 
l 
\ 
1 
| 
l 
| 
| 
| 


a — r — 


8 


3 „8 


„ „„ 


— — P . — — 


83 — 


F Aa 


+4 —— ͤ—— ——— — * 


* 4 ow 5 
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As fine C o 48” 9 99435 
Is to AB=42 1.62325 
So is fine ZA=28*® 4” 9 67255 
To BC=20 1.30095 
As fine 4 A==28*" 47 9.67255 
Is to BC=20 1.30095 
So is fine 4 B=539 8 9.90310 
To AC-- 34 1.53150 
Or you may find the fides thus, 

As fae 4 C=919 48 co. ar. 0.co0514 
Is to AB=42 1.62325 
So is the fine C Ag 284 967255 
To BC=29 111. 30044 
As fine + C=98? 48' co. ar. 0.00514 
Is to AB=42 1.62325 
So is fine + B=53® & 9.90310 
To AC=34 1.53149 

| CASE I. 
Two fides and one angle oppuſite to them being given, tq 
find the reſt. | 


N. B. When the given ang'e is oppoſite to the greater 


Example 1. 


In the oblique triangle ACB 
| required ABand £4. Cand A 


AC=85 
are given y BC=50 
£B=53* & 


Geometrical conſtrucdian. 


given fide, this caſe has one certain anſwer : but when the 
given angle is oppoſite to the leſs given fide, this caſe will 
then have two true anſwers, as will evident! 


y appear by the 
following examples. | g 


Draw AB, and alſo BC 50 making 2 B 53 8, then 


with the extent of 85, and one foot in C, cut BA in A, and 
it is done. | 


Meafai cd 


p. VIII.. 


Meaſured 103 


LA 280 4 
As AC=85 
To fine B =S i 8 
So is BC 50 
To fine 4 A=289 4 
From 4 * 
LA=28* ; 
Take B53 
Sum 281 12 
Remains 4 C=98 48 by ax. 10. 
As fine BSI 8 9 90310 
Is to AC=85 1.92941 
To AB=105 2.02116 
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Fis. 


BC=59 
Let$AC=8 
_— 7. 


required AB and L Band C? 
* 


Ge:metrially. 
Draw AB, and AC=$85, making the L A= 28* 4 then 
with the extent e foot in C, cut AB, in the 
„C, and either of the triangles will 


As BC=50 co. ar. 8. 30103 
Is to the | of £A=28* 4 967255 
So is AC=85 1.92942 


To fine ; B=2 ChB=575" & 9.90300 


Remains AC 25 4 
And CAIC=126 52 by ax. 40. 


As fine Ag 28 co. ar. 0.32744 
Is to BC=50 . 1.88805 
So is fine CAC BZgA 43 9 99485 


To AB=105 2.02126 


As fine £A=28* CO. ar. 8 744 
Is to BC 50 7 
So is ine 4 ACh=25* 4 - 62703 


To Ab=45 1.6: 344 as 
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CASE IL 


Two ſides and their contained angle being given, to find 
the reſt. 
Example. 


AB= 
U eee 
LA=369 14 


101. 
Make AB=64, and £A=36* 14, draw AC which make 


=48, join BC, then will the triangle ACB be that required, 
BC meaſures 38, and £B=48* 18. 


Calculation by axiom 3. 
AB=64 From 180 oc 
AC=48 make (A 36 14 


Sum ſides 2112 Sum g 143 46=2 2 B and C. 


Half ſum 71 53 


As ſum fides 112 co. ar. 7.95078 
Is to their diff. 16 1.20412 


So is tang, half. pg 5B&C=71* 53 10.485322 


Lo tangent half their diff. 225 35” 9 64012 


To half fum=71* 57 From half ſum =72* 57 
Ade hal: diff. 223 35 Take half diff. 223 35 


Greater Cg g= "i Leis ZB =48 18 


— — 


As fine CBS 48 48” cot. ar. o. 12689 
Is to AC=48 


1.68124 
So is fine ; A=36® 14 9.77164 
To BC 38 1.57977 


CASE IV. 
The three ſides being given, to find the angles. 


8 


Example. 


Fi6. 
103. 


158 TRKIGONOMETRY. F. vm. 


AB 
* 
AC = 40 


Required ££LA,C, and B? 

Make AB 32, with the extent of 40, and one foot in A; 
ſtrike an arch alſo, with the extent of 32, and one foot in B. 
cut the former arch in C, join AC and BC, and it is done. 
Mets he projendieater OD. 

Meafure B 2 57 


4 B=50 15 
Calculation by axiom 4. 
BC= 32 BC=32 
— — 
Sum 272 diff = 
Baſe. ſum. diff. 


AS 52 : 72::8: 11.07=diff. ſegments of the baſe. 
5-53=half diff. ſeg. 
To half baſe =26 


From half baſe =26 
Take half diff. ſeg n = 5.53 


Remains leſs ſeg. =DB20.47 


a AC the hyp-=40 
Given AD the Bal find the Z 5A and ACD. 


As AC=40 1.60206 
Is to radius. ſine go? 10.00000 
So is AD =31.53 1.49872 


To fine AC D =S or 9 89666 
From 90 oOo 


Remains . A=37 59 


r. vm. TRIGONOMETRY. 


As BC=32 : 1.50515 

Is to radius, fine go“ 10.00000 

So is BD=20.47 1.31111 

To fins BCD = 39% 460 9.80596 
F: om go 00 


Remains B 50 14 


Now CS 4, ACD+ 4 BCD=91% 75 


For ACD SS on” 
And BCD = 39 46 


91 47 
Otherwiſe by axiom 6. 
BC= 
AB=52 
AC= 
124 D 
Half ſum=62 co. ar. 8. 20760 
30 co. ar. 8. 52288 
feen 10 log. 1. oO 
22 1.34243 
1907291 


Half is tangent of 18 58“ 9.53645 
2 


4 A=37 57 as above, hence the ref will 


be found by axiom 2. 
Or thus. 
AB* + BC*— AC* 
2x ABN BC 
AB* + AC — BC? 
2AC x AB 
To find the angle B. 
In numbers. 
Here AB=52, its ſquare=2704 
BC= 32, its ſquare=1024 
AC=40, ts ſquaie=r6co 


A theorem 


And theorem 


Sco-ſine B. 
a co.-ſine of the CA. 


Fo. 


103. 
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And AB x BC=52 x 32=1664 x 2= 3328 


2704 
1024 


— 


3728 
1509 


232$)2428.00000(.63942 the natural co-ſine of 
50 15 B. 


To find the angle A. 
52 * 402080 X 2884160 


Then 2704 
t ooo 


4304 
1024 


416) 3280.ccoco(.7 8846 the natural co-fine 
ot 37 58 A. 
Wnence their fum taken from 180%, leaves the angle C= 
91947. 
I fh4!l now proceed to ſhew the various uſes of a right 
angled triangle, and the oblique, with regard to the taking 
of heights and diſtances, &c. 


PROBLEM I. 

To find the height of a tower, caſtie, church, Ic. when you can 
come to the foot of it. 

ich any inſtrument to take angles, as ſuppoſe a quadrant, 
you ſtand fome diſtance from the too. of the tower, as at A, 
and there taking vour quadrant, and oitecting the fights of ic 
to C, and fiad ine ſteing cuts the limo at 489 127, then find 
by meaſuring in a {traight line how far you ſtood from the 
jo2t of the tower, and n te the meaſure, fuppuſe here 45 yards, 
then may the heit of the tower be found. | 

BC denotes the tower or perpendicuiac of the right angled 
triangle ABC. 

AB the diſtance meaſured 45 yards, or baſe of the triangle. 
AC the viſual fight from the quadrant to the towe:'s top, 


cr hypochenuſe, 


Now 
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Now there bs given ZA=48®: 17 Fie. 


4 C=41 : 48 to find BC. 
AB=55 yards 


By Caſe Ill. 
As fine C41 48” 9.82382 


Is to AB=45 1.65321 
So is ; A=48® 12 9.87243 


To BCS 50. 33 1.70182 


The height of the inſtrument above ground muſt al ways be 
added, which here ſuppoſe was two yards above ground, then 
52.33 yards is the tower's height. 


PROB. II. 
To find the breadth of a river. 

An engineer comes to the fide of a river, as at B, where he 
is to lay a bridge over it to paſs the army, and wants to know 
the breadth of it, in order to know how many pontons he 
muſt uſe upon that occation. Standing at B, he fees ſome 
odject, ſuppoſe at C, on the other fide of the river, and then 
making a right angle with his inſtrument, he obſerves another 
object by the river fide at A, then meaturing to it finds it 
yards, and the £ A=53* 20', hence the breadth of the tiver 
may be found thus. 


Given . A=53® 2 
C23 40 | to find BC. 


AB=49 yards 
As radius | 10.00000 
Is to AB, 49 169019 
So is tangent C. A. 53 10 1012815 


To PC=65 82 1.81834 


But when the ca'e hanpens you cannot come to the foot of 
2 rower, &c. by reaſon of water, enemies, or ocher obſtacle, ir 
is then called an inacceſſible height, and may be found by the 
following 


l PRO ZB. 


104. 
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PR OB. III. 
To meaſure an inacceſſible height. 

At any convenient diſtance from the tower, as at A, find 
the angle of altitude, ſuppoſe 28* 34, then meaſure in a 
ſtraight line towards the tower, as to D. and ſuppoſe it mea- 
ſures from A to D 30 yards, then at D take another angle of 
altitude, which let be 509 .. 

Here the fight lines AC, DC, and the diſtance line AD 
form an oblique triangle ADC, wherein are given the diſtance 
AD = zo, and all the angles to find DC, and conſequently BC. 


P. VIn. 


Firſt AD = 30 
CAB 289 1 
BDC 50? 9 


DeB=39 517 by ex. 13. 
But ; ADC=129* 51r=4DCB+ 2B=39® gr + Y by 
theorem 8. or 180% 50 of = 129 5 by theorem 1, 
Then ZA 


Remains LACD=21 35 


As fine ; ACD=21* 35 9.56567 
Is to AD=230 147712 
So is fine Z A=289 34 9-67959 
To fight line DC=39 1.59104 
As radius I o. oo o 
Is to hyp. DC 39 1.59104 
So is fine 4 D=50* 9 0.885 20 
To BC=30 ſerꝭ, altitude 1.47624 


N.B. 


p.vin,  TRIGONOMETRY. 


N. B. You may make uſe of this problem for finding the 
jeng h of unapproac able lines, as thoſe of places beſieged ; 
but never make the angle DCA lefs than two degrees. 


P R O B. IV. 


find the height of a caſtle landing upon a hill, and your 
diſtance from it. 
Firſt find the + CAD ſuppoſe =40®, and ; GAB=229, then 
meaſure in a ſtraight line towards the caſtle, as from A to D, 
let be 40 yards; then at D find CDE, let gg 20, and 
LGDB=499, and you may from theſe data find the height, 
diſtance DB. 


Solution. 
£4 CAD=409 | 
{GAB=229 
4 CDB=639 207 
£GDB= 49% 

4 DCB= 26? 40 by ax. 13. 
£8 - myo® 


£ADC=116*® 40'=4 DCB + ZB, by thearem 8. 


£ACD=23* 20 by ax. 10. 


And AD =40 yatds. 


As fine Z ACD=239 20 9.59778 
Is to AD=40 1 60206 
So is fine 4 CAD=40? 9.80806 
To fight line CD=64.91 1.81234 
As radius en 
Is ro CND=64.91 ? 1.3723 


So is fine + CDB=63® 200 9-95115 


To BC=58 the hill and caſtle 1.76349 


As radius 10.00000 
Is to CD=64.91 1.81234 
So is fine 4 DCB=269 zo” 9 65205 
To DB=29.17z | 1.46439 


M 2 


106, 


Fic. 


107. 
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As radius 
To DB=29.13 1.464 * 
So is the tangent 4 GDB=49® — 
To BG= 33.51 the alt. hill 1.52522 


Io. ooo 


— 


From altitude of hill and caſtle BC= 58 yards. 


Take BG the perpend. hill 33-51 
Remains CG the Caftle's height=24.49 
PR O ZB. V. 
Caſe | 


Let A, B, C be three churches whoſe diſtances are, viz. 
AC=106, BC=65.5, AB=53.25, and ſuppoſe at ſome ſta- 
tion, as at E, I can fee all thoſe objects, and would know 
their reſpective diſtances from me, I take an angle AEB=1 3* 
30', alſog CEB=299® 50, from theſe data their diſtance from 
me may be found as follows, 

Through A, C. and E deſcribe a circle, and draw AE, 
CE, and BE, continue BE to D, and join AD, DC, wen 
there are given | 

AC=106 
BC=65.5 
AB=53-25. 

4AEB=13* 30'= 4 AED. 

4 CEB=29* 5o' =CED. 

LAEC=43% 20"= Z AEB + 4 CEB. 

* +369 40 = ns by theo. $. 

LACD=13% 30 = £ AE 

ZCaD=290 S0 CED : by cor. thee. 20. 


| Make the perpendicular B5. 
1. In the triangle ABC, all the fides are given to find the 
angles. By cafe IV. 
BC+AB=118.75 the ſum of the fides. 
BC—AB= 12.25 the difference of the ſides. 


As baſe AC=106 2.02530 
Is to the ſum ſides 118.7 2.07445 
So is the diff. 12.25 1.08813 


To the diff. ſeg. baſe=1 3.7 1. 1.13728 IR 
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Now half diff. 6.855 
Half baſe 53 


Greater ſeg. Cg 59-855 
Leſs ſeg. Ab=46.145 


As AB=53-25 1.72632 
Is to radius 90 10.00000 
80 is Ab=46.14 1.66407 
To fine AB = 60 

— I, 9-93775 
As BC=65.5 1.81624 
Is to radius 10 00 
So is CS 59.85 1.77706 
To fine IBC 66—Ä 9 96082 


Then ;BCb=239 58” 
And CBC + 4 ABb=126® „ ABC. 
29 57=4 CAB. 


23 58= 4 ACB. 
2. In the triangle ADC 


AC=106 

DAC=269 50 

e 3 _ AD, DC. 
{ADC=136 40” 


As fine 4D=1 369 40 9-83647 
Is to AC=106 2-02530 
So is fine ; C=13* 30" 9.36818 
To AD= 36.06 1.55701 
As fine 4 D=1369 40 9.83647 
Is to AC=106 2.02530 
So is fine LA=299 5of 9.69577 
To DC=76.85 1.88560 
And 4DCB=37® 28'=ZACD-+ ZACB. 
_ M3 
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3- In the triangle BCD, are given two fides and the con- 
tained angle to find the angles, by cafe III. 

DC=76.85 

BC=65.5 {o fnd the angles D and B. 


37 
DC+BC= 142. 35 ſum ſides, 
DC—BC=1 1.35 dit. ſides. 
180%—4£ 37% 28 142 32“ ſum angles D and B. 


71 16=half ſum. 
As ſum ſides 142.35 2.15320 


Is to the diff. 11.35 1.05499 
So is tang. half ſum =71* 16' 10.46963 


To tang. half diff. 1314 9.37142 
Half ſum 271 16 — — 


4 CBD=84 Zo S greater angle 
BDC 58 02=leſs angle. 


From 180% 
84 30 From 180? 
— 125 20 
CEB 29 50 ECB = 54 40 
125 20 


4. In the triangle _ 


2CBE=95% 30 to find BE, 
* I B=299 [ EC 
As fine E= 29 507 9.69677 
Is to BC=65 5 3.81624 
So is fine C=54* 40 991158 
To BE=107.4 2.03105 
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As fine ; E=29® 50 6.69677 
Is to BC=65. 5 1.81624 
So is fine 4 B=95* 307 _9 99799 
To EC=131 2.11746 
5 In the triangle ABE 
AB = 53.2 
22 
are given E= 13 30" to find AE. 
LA=289 5% 
CB = 13825 by ax. 10. 
As fine Z E=13" 30” 9.36818 
Is to AB=53.25 1.72631 
So is ſine B=1 389 25” 9 82197 
To AE=151.4 2.18010 


P RO B. v. Caſe II. 


Suppoſe the three objects A, B, C were ſeen from E, and 
food as per figure, whoſe diſtances are AC g 12 furlongs, 
AB=9 turlongs, and BC =6 furlongs, the angle AEB= 33 
45 and CEB=22® 30, it is required to determine how tar 
E is from A, B, C? 

Firſt make a triangle ABC, with the three given ſides, 
draw CD as to make an angle with AC= 4 AEB= 339 45, 
and at A draw AD ſo as to make an angle with AC CEB 
=229 39 through the three points A, C, E deſcribe a cir- 
cle, produce BD to the ſtation place E, and join AE, CE, 
then EA, EB, EC are the lines, required by the queſtion. 


1. In the triangle ABC, all the ſides are given to find the 
angles. By ax. 6. 


To find A. 
6 
12 
* 
Sum 27 
Half ſum S3. 5 co. ar. 8.86967 
7.5 CO. ar. 9.12494 
8 1 5 log. ©. 17609 
l 45 log. 0.65331 
18.582391 
Tang. 14* 287 | 9.41195 
2 
A= 28 57 


Fig. 


108 


B 4 By 
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Fic. By the ſame method you will find the C46 34 and 
4D=104* 29/, whence theie are 
£BAC=2 : 
bye „ 4 
LACB=46* 34” 
given + DAC=229® 30'=CED, by cor. th 20. 
{DAB=6® 27= 4 BAC— 4 DAC. 
£ADC=123%45' by ax. 10. 
L,DCB=12® 45'= 2 ACB- 4 ACD. 
4 DCA=33* 45 = 4 AED, by cor. th.20. 
4LAEC=56% 15 = ZAEB+ £BEC. 
2. In the triangle ADC, are given all the les and fide 
AC to find AD. * 


As fine 4 D=127* 45 9.91984 
Is to AC=12 1.07918 
So is fine £C=33* 45 9-74473 
To AD=8.018 | 0.90407 
108. 3. In the 8 
are given AD=8.018 = find the angles D and B. 
1 5 27” 
As ſum fides 17.018 1.23090 
Is to their diff.. 982 1.99211 


So is tang. of half Cs D& B=86* 46 11.24801 


To . half diff. 45% 37” 10.00922 
— $5 46 ——— 


£LAEB=41 og 


ADE 36'= 4 ABE+4 DAB= 4 ACE, 
4- In the triangle ABE | 
LAED=33* 45 
e * find AE and EB, 
AB=g | 


As 
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As fine AEB 45" 9-74473 
Is to AB 0.95424 
So is fine AEB=41* g 9.81824 
ToAE=10.6 2.02775 
As fine AEB 339 45 9.74473 
Soi — 105* 6 9 98874 
To EB=15.64 1.19425 


5. In the triangle EAC 
(ee & = 1 BAE— 2 BAC. 
given J ZAEC=56* 15 
wo AC=12 
As fine LE =56*® 15 


Is to AC=12 
So is fine ZA=76%g 


ToEC=14.01 


Hence AE=10.6 


EB=15.64 
EC=14-01 
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Fic, 


180: 


109. 


Let us again ſuppoſe the place of our ſtation was at D, 
. — the triangle of the three objects, as in the 
annexed figure, whoſe diſtances from each other are as in the 


oblem, where being at D, I obſerved, 
(be 121 30 
IT 1 RO 
given 4 =12J* 4 ax. 19. 
hana AC=12 to find AD, DC. 


AB=9g. BC=6. 
As ſine ZADC=123* 45 9.91984 
Is to AC=12 1.07918 
So is fine 4 DAC=22* 30 9 58283 
| To DC=5. 523 0.74217 
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Fic, As fine ; ADC=127P 45” 9 919846 
109. Is to AC=12 1.079181 


So is fine ACD g 33 45 9-7447 39 


To AD=8.018 0.904074 


Given two fides and the contained angle in the triangle 
ADB, to find DB. 


As ſum fides 17.018 1. 230908 


To their diff. =. 982 1.992111 
Soistang. half ſum £5=86*45” 11.248010 


To tang. half diff. =45* 36 10.0092 1 3 
Hence CABD =41* 10, and BAD =6* 28. 
As fine Z ABD=41* 107 9-818391 


To AD=8.018 | 0.904074 

So is fine 4 BAD =6* 28 9 051635 

To BD=1.372 | 0.137 318 
Geemetrucal ſclutian. 


Make AC=12, AB=q, BC=6; and ;A=22*® 300, 
draw AD; make CC 33“ 45%, and where CD and Al) 
meet, as in D, that is the place of the itacion, join DB, and 
it is done. 

AD meaſures 8, DC 5.5, and DB 1.4 nearly. 

I have been more particular in the ſolution of this problem, 
fince the ſeveral varieties of it ariſe from the different poſi- 
tions of the ſtation E, than any of the foregoing, becau'e this 
problem is of very great uſe for drawing maps of countries, 
or laying down rocks, ſhoals or ſands in fea charts, as it is 
done at one ſtation. | 


3 PR OB. VI. 
To find the diſtance of any viſible ol jcci from you. 
Example. 

Suppoſe C a caſtle, and you want find a proper place to 

plant a battery to hit it. , F 
Pitch upou any convenient diſtance as at B, there put a 
mark, and place your theodolite as level as you can, laying 
your 
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your index with the ſights upon it, upon the north and ſouth 
diameter; then turn the theodolite about upon the ſtaff till 
can ſee the caſtle at C through the ſights, the index being 
{il kept on the diameter, north and ſouth, there ſcrew your 
inſtrument faſt, where the degrees take their beginning to- 
wards C; then from the foot of your itaff at B, meaſure any 
proper diſtance as to A, ſuppoſe 60 poles, and at A ſet up 
another mark; then come again to E, and turn your index 
about till you can fee the mark at A through the fights, and 
ſcee what degrees and minutes the index cuts upon the limb, 
ſuppoſe 100 40, and this is the meaſure of the angle B. 

Now remove your inftrument to A, and there place it as 
vou did at B, lay your index on the north and ſouth diame- 
tet as before, turn your inſtrument about till you can fee 
through the fights the mark at . there ſcrew your inftrument 
faſt where the degrees take thei: beginning towards the mark 
at B, and move the index, till through the fights you can ſee 
the caſtle at C, and obſerve how many degrees and minutes 
are cut by the index upon the limb, ſuppoſe 5380 200, and that 
will be the meaſure of the angle A, and you have enough 
given to determine the diſtances of BC and AC. 

For there are given the file AB=60 poles, and all the 
angles, whence the diſtances BC and AC, may be found by 
caje I. of oblique angled tilangles. 


Geometrical ſclutian. 


Draw the ſtationary line B4= Go, and at B make an angle 
=1009 40", and draw BC; then at A make another angle 
58 2c”, and draw AC, and where AC and BC meet as in C, 
the lines AC and BC are the required Gitiances from the two 


ilations B and A to C; BC meatures 143, and AC about 165 


polts, 


Another way. 


At B the place of your ſtation make a right angle, and 
ſim thence go in a perpendicular hne towards D, ſuppoſe 
<4 poles, and at D take another angle, ſuppoſe 69® 14; then 
i111 Jrawn from B and D, will meei in C and and the ſta- 
tony line BD being laid down from a ſcaic of equal parts 
and the angle D protracted from the lines of chords, CB mea- 
turis 143 nearly, and and DC 152 poles. 


PROP, 
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Fic. PROB. vn. 

To take a long diſtance on a level plane, without the help 

of any inſtrument, unleſs a ſtaff to ſet off a right angle. 
Obſervi 


Example. 
a battery of cannon erected at a diſtance from 
3 
to ſilence it. 


know the diſtance, in order to erect another 
At any ſtation as A, move in aright line between A and C, 
which may eaſily be done by ranging a perſon, or ſetting up 2 
pole to be in a right line with you at A, and the object at C; 
then meaſure any diſtance as to D, ſuppoſe 29 poles, then at 
D, ſet up your ſtaff, and go from a perpendicular line from D 
to E, (making a right angle at D) any diftance, ſuppoſe 43 
poles, and ſet up another mark at E, then come back again 
to A, and go in a perpendicular line from A to B, as you 
did at D to E, till you ſee the mark ſet up at E and the point 
C, range in a right _—_— there make 2 
and meaſure from A to uppole poles; to the 
diſtance AC. * 
Say, as AB— DE: AD: : AB: Ac, 
That is, as 11: 29 :: 54: 1421 poles, nearly the ſame as 
before=diitance AC. 
To find the diſtance from D to C. 
Say, as AB— DE: AD :: DE: DC, 
That is, as 11: 29: : 43: 113r+ poles, the diſtance from 


D to C. 
For from AC = 1424 
Take AD= 29 


113z, proof, 


112. PRO B. VIII. 


To find the diſtance of two objetts, as two batteries A and N, 
frem two flations R and S, whoſe diſtance is alſo giuen. 
Suppoſe at ſome convenient diſtances, as at R and 8, | 
pn upon tor the two places of my ſtation, whoſe diſtance 
meaſure ſuppoſe 155 paces, and at R and 8, I take the 
following angles. | 
ARB 17 
£BRS=46 50 
LASB=5;8 24 
LASR=39 16 


1 


+ i 044144 OM 


1 
by add WI! i 48 e ee 


Trigonometry. 


—ͤ— —  _— — — — 
» 
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Fic. 
To find the diſtance of each battery R and 8, from the 


ſaliant angles A and B. 

1. LARB+4BR5=zARS=94® and ZRAS=46? 
37 by ax. 10. 

2. 4 ASR+4ASB= 4BSR=97* 40 and £RBS=35* 


gy 10. 
In the triangle ARS are given all the angles, and fide 
RS. to find AR and AS. 


As fine ; RAS=46® 37” 9.86140 
ToRS=155 2.19033 
So is fine 4 ARS=94* 7 9 99858 
To AS=212-7 2.32781 
As CARS SAH 7 9.99888 
To AS=212-7 | 2.32781 
So is line LARS=35* 16 9 80136 
To AR=135 2. 13029 


2. In the triangle BSR all the angles, and fide RS are 
given, to find BR and SR. 


As fine SBR 35e 30 9.76395 
To SR=155 2.19033 
So is ſine ZBRS= 469 gof 9.80295 
To SB = 194.7 2.28933 
As fine ; RBS= 359 30 976395 
To RS=15 2.19033 
So is ſine 288B=9;9 40 9.99610 
To BR=264.5 2.42248 
PROB. IX. 


Let A and B repreſent two churches, whoſe diftance is 
5 miles, and I fix upon two ſtations as C and D, at each of 


which I can fee doch churches and the other tation ; s 


113. 
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FIG. alſo a line to be drawn from one church to the other, and 
from each ſtation to each church; laſtly, ſuppoſe I obſerve 
the angle ACB to be 389 4c”; the ,ACD=118* 337; the 
the 4 CDA=34?9 20 and the angle CDB 48® 277; what is 
the diſtance of the two ſtations, and the churches from each 
flation ? | 

113. Draw another figure abc4 whoſe fide cd ſuppoſe to be any 
number, as 10, and fimilar to ABCD; now upon ſuppoſi- 
tion that cd is 10, and the ſmall figure fimilar to the great 
one, we can by the laſt problem find ac, bd. 

Firft there is given AB=5 miles, 
CACE= 38940 
ACD = 118 33 
£CDA= 34 20 
£CDB= 48 27 
Hence the following angles are alſo known. 
£BCD=79 57 
£BDA=14 07 
£DBC=51 40 
4DAC=27 c7 
Aſſume de 10, as before, and the {mall figure being fimi- 
lar to · the great one, is to be looked upon as the fame. 


As Cdac 27 C 9.658778 
Is to de 10 | ' 1.000000 
So is Cacd = 11823 9.943692 
To ad=19.27 1.284914 
As fine Cale 251 407 9.894546 
To de 10 : 1 ©COCO! 
So is fine C bd 79e 53 9.993194 
To d= 12.55 1.098648 
As fine Cacd = 118 33 9-94 3692 
Toad= 19 27 1.284914 
So is fine £cde= 349 20 9.751224 
To ac = 12.37 1 092 505 


As 
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As fine Celd = 51 40 9894546 
To cd 10 3.0C00CO 
So is cab 4827 9.874129 
To bc=9.54 0.979574 
vl _ 
The ſum fdes | 54 =21.91 
Difference 2.83 
From 180% _ 
Take 38 40 
141 20, ſum of the angles cab, cla. 

70 40, half ſum 
As ſum ſides 21.91 1. 340642 
To their diff. =2.83 0.451786 
So is tangent 70 40 10.4 54830 


To tang. half dif. =20® 12 9.566024 


Hence Cabc g 52' and dab 50 28, 


As fine 4cba=9go® 52 1.999950 
To ac 1237 1.092506 
So is ſine cab 38 40” 9.795733 
To ab=7.731 0.888289 


ab AB „ AC 
As 7-733 : $ :: 22-37 28 
a AB 


ad AD 
As 7-731 : $5: 19-27 5 25-008 
As 12-37 * ws ST, 
As 7-731 ” gp 12-55 : "20 


4 7738 : 53 :: 9-$4 : 6.169 


175 


Now by working in this manner, if we had found ab 5 
miles, then it is evident a the des had been found exactly 
rizht; but as it has not been found 


by fimilar triangles, the 
true ſides may be found by thoſe already Ciſcovered, thus. 


Hence 
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miles 

* Hence AC= 8 
AD 12.462 

CD = 6.467 


PR O B. X. 

There are three warket towns, Newark, Mansfield, and 

Retford, fituate in a triangular manner, whoſe diſtances from 

each other are 16, 18, and 20 miles, reſpectively; it is requit- 

ed to determine a place where a tradeſman ſhall fix bis houſe, 

ſo as to ride the teweſt miles poſſible in keeping each market? 
114. Geometrical conſti uction. 

Make a triangle whoſe three fides are given, let N repreſent 

Newark, M, Mansfield, and R, Rettord. Biſect NR and 

MR by the perpendicular DF and Gl; make the angles 

DRE and GRH, each equal to 30“, from the centers E and 

H, with the radii ER, and RH, deſcribe two circles cutting 

each other in the point P, which is the place required. Draw 

PR and EH, alſo NP and MP, and it is done. 

1. It is proved from fluxions, which may ſeen in Simpſon's 

Fluxions, that the angles at P are each equal to 120. 
Numerical ſolution. 

In the triangle NMR, are given NM=16, MR = 18 and 
NR = 20, to find the / NRM ; by caſe 4. oblique triangles, 
baſe ſumſides diff. diff. ſeg. 
as ine 2: $48 


1.2552725 


IO 
80 is DR=11.7 1.068 18 59 
To 4DMR= 40 98129134 


2 
— 
=49 28 


4ENRM 


P. VIII. TRIGONOMETRY. 197 
Fic; 


2. In the right angled triangle RDE are given DR 10, 
LDRE = 30*, 4DER =609, to find ER. 


As fine DER = 60“ 9.9375306 114+ 
To DR = 10 1. .0000000 

So is radius 10.0000000 

To ER=11.54 1.0624594 


3. In the triangle RHG are given GR , ; GRH= 30% 
and GHR =609, to find HR. ths 


As fine RH G 606 9.9375 306 
To GR=9g 0.9542425 
So is radius 10.0000000 
To HR=10.39 1.016710 
Now ZNRMI = 49 28” 
£DRE= 30 oo 
4 GRH= 30 oo 
ERH = 109 28 


4. In the triangle ERH are given ER=11.54, HR= 
10.39, and the included ; R=1099 28”, to find the angle 
REH or RE O. 


11.64 11.54 180 
10. 30 10. 39 109 28” 
Sum 21.93 Diff. 1.15 2) 70 32 
Half ſum 35 16 
As ſum ſides 21.93 nds 
To their diff. 1.15 0.0606978 


So is tangent 35% 46 9.7614638 


To tang. half diff. = 1447 'F 1811230 
4EHR=37* o, HER ZIT 37. 
8. In the right angled triangle REO, are given RE ATI 
£KEO=REH=335* 327, and ZERO 569 28, to find RO. 
N 


As 
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As radius 10.0000000 
To RE=211.54 10624694 
114. So is fine C REO=33* 37 97422710 
To RO=6.379 9.047404 
2 
(reer MR 
triang „are given RP 12. 218, 
and ;RPM= 120), to find MP. Ä 
As MR=18 1.2552725 
To 2 MPR =120* 9.0375 0 
So is PR 12.758 5 
To fine 4 PMR=37* 527 9.788040 
Then 180%— 2120* + 37* 52'=22* os = 2 PRM. 
As fine ; MPR = 120? 9-937 5306 
To MR=18 1.266272 5 
So is fine PRM=22* o& 9.576068 5 
To PM=8.672 0. 38104 
In the triangle NM, are given 515 2, PEI 
and NM=16, to find NP.” s * 
As NM = 16 1. 204 · 200 
To 4P=1209 9.937 
Sois PM=8.672 o. 89 — 


To ſme 4 MNP=25* o 909.6272210 
From «480% —1209 + 259 / 34* 56 NM. 


As fine £P1209 9.9375 306 
To NM 16 1.2041 200 
So is fine 4 PMN=34* 56” 97578687 
To NP=10. | 1.0244 81 

55 a miles 


Newark = 10.58 
The diſtance of the houſe from 5 Mansfield 8.672 
Retford = 12.758 


— — — 


Aaſwer, 32.010 
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PROP. XL 

To find the diflance of any place from you, by the mation of found, 
fram the fir ing of cannon. ; - 

Sound, it is found from experiments, flies after the rate of 
1142 feet in a ſecond of time; a meaſured mile is 5280 feet, 
or 1760 yards, 1056 paces, or 880 fathoms, and therefore a 
ſound requires 4.62 ſeconds, or 9.24 balf ſeconds to fly a mile. 
Hence the time that a found is going between any two 
n the diſtance between thoſe two places 
may eaſi] . 

For i you obſerve the time between firſt ſeeing the 
fon and hearing the report of the gun, the diſtance of the 
place from the obſerver, where the gun was fired, is eaſily had 
thus, 

As 4.62 to 1 mile, ſo is the given time between ſeeing the 
exploſion and hearing the report, to the diſtance in miles re- 


quired. 

Example 1. . 
An engineer was ordered to plant a battery to fire on the 
enemies, and obſerving by their firing ſome guns, he counted 
eleven ſeconds between the time of his ſeeing the flaſh and 
hearing the report, how far was the engineer from the ene- 


mies guns ? 
4-62)11.000(2.4 miles nearly. 
9.24 


1760 
Or rather thus, 


As E 
the dittance requir 
Example 2. 


Being one day ordered to obſerve how far a battery of 
eannon was from me, I counted by my watch 17 ſeconds 
between the time of ſeeing the flaſh and hearing the report; 
how far was the battery from me? 

— 362: 5280 feet :: 17“ : 19428 feet, or about 31 
miles. 

Or you may come very near the truth by counting the 
pulſations at the wriſt, for it is obſerved there are 75 pulſa- 
| n or 

; 2 15 
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x5 ſeconds, when the perſon is in health and a regular 
INH from any hurry or 
flutter in his ſpirits. : 

Hence in 6 beats of the pulſe ſound flies about a mile. 


On ſeeing the flaſh of a gun I counted 21 pulfations at the 
wriſt, before I heard the report; how far was the gun from 


7 | 
6) 210Z miles, anſwer. 


Beſides the foregoing method of taking angles by the theo- 
dolite, &c. there is another way, and that by the points of 
the compaſs, uſed principally in navigation, which I will here 
illuftrate by a problem or two; but it will be proper firſt to 
give a table of the angles, which every rhumb, or point of the 


414111 
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4A TABLE of the angles which every point of the compaſs 


TRIGGNOMETRY. 


makes with the Meridian. 


NORTH SOUTH Deg. Min.| NORTH |SOUTH. 
— I — 
f 
N. b. F. S. b. E 1 © N. b. W. 8. b. W. 
12 
I z 
12 
N. N. E. S. 8. E. | 2 © N. N. W. S. 8. w. 
| 2 3 
2 2 | 
2 4 | 
N.E.b.N.S.E.b.S.| 3 © N. W. b. N. S. W. b. S. 
—0 
32 | 
| 34 
N. FE 8. E. 111 N. W. 8. W 
70 
+ 
N. E. b. E. S. E. b. E.] 5 ©! N. W. b. W. S W. b. W 
5 2 
113 * 
E. N. E.] E. 8 Ek. 60 W. N. WW. S W 
6 7 85 
6 Z 
: 6 4 
E. b. N. E. b. 8 7 © W. b N. W. b. 8 
7 4 
7 2 | 
7 2 | 
| EAST | EAST | 8 © WEST | WEST 


* 
a 
— Po —— — — wy * 


| 
10 


* 
_— 
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Fic, PROP. XII. 
As IT was walking on the road, I obſerved Gamſton Church 
bore from N. E. b. N. and having gone 25 miles N. N. W. 
the church then bore E. S. E. how far was I from the church 


at each time of ſetting ? 
Conſtruction. 
113. Wich the chord of 60 degrees, deſcribe a circle repreſent. 
the horizon, draw the Meridian N. S and at right angles 


off the N. E. b. N. rhumb Am, the 
N. N. W. rhumb Ar, and the E. S. E. Ao; A is the place 
of the firſt obſervation, make AB=2+ miles, and draw BC 
parallel to As the E. S. E. and it cuts the N. E. b. N. 
as at C, C is the place that repreſents the church. Produce 
the lines — 4 A the center, then by theo. 3. Ges. the ; C 

(for BC is parallel to As) = £4As, its oppuſite, and 


= As. 
Calculation. 

In the triangle ABC are given AB=2z miles, 4 A; 
points =diſtance between N. N. W. and N. E. b. N.=56" 
15; C) points diſtance between N. E. b. N. and E &. E. 
278 45% and B= A points =diſtance between N. N. W. 
and W. N. W.=45* by bes. 3. to find AC and BC. 


As fine 4C=78* 45 9.99157 39 

To AB=2.5 ©. 3979400 

So is B 45˙ 9.84948 50 

To AC=18 miles 0.288861 

As fine 4C=78* 45 9-99157 39 
To AB=2.5 ©. 3979400 
So is fine ZA=569 15” 9.9198464 

To BC=2.1 miles 0.3262125 


PROB. XIII. 
Grove-Hall bears from Haughton School N. E. b. N. 
diſtance 4 miles; Cleveland Wiadmill S. E. b. 8. 
diſtance 24 miles; what diſtance is Grove from 
and how da they bear from each other ? 


. 
* 


S 
= 
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R Fie, 
Conflrudtion. | * 

With the chord of 60 draw a circle to repreſent the hori- 
20n as the laſt, the N. E. b. N. I ZE. line =4 miles =toHG 


and 8. E. b. S. I E. line HC=24 miles, join GC, and is 
the diſtance between Grove Hall and the mill; a line draun 


parallel to GC through the center H as mn, gives the bearing. 
Calculation. 

In the triangle HGC are given HG= 

included H q points =diftance between 

and 8. E. b. S. 4 E.=101® 1, to find GC. 


As ſum ſides 6.25 o. 7958800 


To their diff =1.75 ' 0-2430380 
So is tang. half ſum s 30 2247 9.914732 


To tang. half diff.- 12 56 93613312 


. _—— — — 


HC=2:z, 
„E. b. N. 4 E. 


* 


399 221 

12 56 
As fine 4G =26® 264“ 9.6486394 
To HC=2.2 | 0.3521825 | 
So is fine 4H=1019 157 9.99157 39 
To GC=4.923 miles _ ©.6951170 


From the diſtance between the N. and N. E. b. N. Z E. 
399 225 take 4 G=/; mHG=26® 264” remains the NH 
212% 56', therefore Grove-Hall bears from the mill N. 129 
55” E. or N. b. E. 1 41 E. diſtance 4.923 miles, or 5 miles 
nearly. 


PROP. XIV. 
There is a church and tower whoſe diſtance from each 
other is known to be 20 miles; a ſhip at anchor ſees a wind- 
mill in a right line with the tower, they bearing from her 
N. W. b. W. and the church then bore N. W. b. N. ZN. 
atter this ſhe weighs anchor, and fails upon a W. b. N. | 
courſe 25 miles, and then finds the mill and church in aline 
bearing from her N. E. b. N. required the diſtance of the 
thip from the church and tower, and windmill, in both 


tations ? 
Ta: Con- | 


n ts. ee. ec. ts 


—_——_ ES 
- 


Fis, * 


117. 


TRIGONOME TRV. P. VIII. 


Wich the chord of 60 deſcribe a circle to repreſent the 
horizon, draw the meridian N, 8, and at right angles to it, 
the parallel E. W. In the circle lay cf the W. b. N. line SH 
=25, and the other lines. of bearing as per queſtion, and the 
N. E. b. N. line un, which being done, 5 repreſents the ſhip 
in her firſt tation, H in her ſecond ſtation,. C the church, T 
the tower, and M the windmill; then will the lige SMT 
cut HC at right angles in M, and HC is parallel to mn. 


Calculation. 
In the right angled triangle HMS, are given HS=25; 
HSM a points=diſtance betwern W. b. N. and N. . 
b. W. 22“ 30, to find SM and HM. 


As radius io COCOCOO 
„ 
To HM =9.6 miles 0.9807797 | 
As radius 100000000 
To SH=2 1.3979400 
So is ; MHS=67® 30” 9 9656153 
To MS=23.09 1.2635553 


In the right angled triangle MCs are given MS=23.09 
4 MSC=1+ points =diftance between N. W. b. W. and 
N. W. b. N. IN. 2280 725 and C= 61 522, to fad SC 


and MC. 
As fine 2 MCS=619 521 9.94 54298 
To $M=23* cg 1.3635553 
So is radius 12.CCOC000 
To SC=26.19 I 4181255. 
As fine 4 MCS=61*® 5225 9.944298 
To $M=23.09 13635553 
So is fine S287. 9.67 33805 


To MC=12.34 1.0915129 
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In the right angled TCM are given TC=20, MC= 12.34 


to find the angles and TM. 


SC TCEW  _. 1.3010300 
To radius 10-00090000 
So is MC=12.34 1.0915 120 
To CTM 38 7 | 9 7904820 
90 © 
£TCM=5: 33 
As radius 10.0000000 
To TC=20 1.3010 300 
So is 4. ICM S5 1 53 9 8958 308 
To TM = 15.73 1.968698 


In the right angled triangle HMT are given TM=1 5-73 


and HM 9.6, to find the angles and TH. 


As HM =9.6 __  ©.9807797 
To radius 10.0000000 
50 is TM=15.73 1. 1968698 
To tang. CH 58% 42” 10.2 16 
| 90 oo 
4MTH=3: 18 
As fine 2 MTH=131* 18 97156015 
To HM N 6 0 980779 
So is radius 19.0200C00 
TtoTH=18.4r 2 1.265782 
The ſeveral diſtances as follows. 
* windmill 
From the ſhip 4 ro church in the 1ſt ſtation 
E tower 


to windmill 


to tower 


From the 00 church in the 2d ſtation 32 


miles. 


23-09 

21.19 

38.82 
6 


18.41 
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FORTIFICA TIO N. 
ATARI architecture, or fortification, teach: to 
4 fortify a town or place, by the help of lines, and 
angles, &c. and requires the aſſiſtance of arithmetic and 
E to execute it, by means of putting the place in 
h a poſture of defence, that every one of its parts defends; 
and when it is executed ſo, that every part of the work can 
be ſeen from, and defended by the other, it is called a fortificd 
place; but if it has no more than a ſimple wall round it, then 
it is called an cloſed, and not a fortified place; and as every 
one of the parts of a fortified place defends, fo it is deſended by 
ſome other parts, by means of ramparts, parapets, moats, &c, 
Ar is a body of earth, raiſed about a town to cover 
the buildi from thoſe in the ficld, and made capable of 
reſiſting the cannon cf an enemy; it is formed into baſtions, 
curtains, &c. and ought to be floped on both fides, and to be 
broad enough to allow room for the marching of waggons 
and cannon, beſides that allowed for the parapet, which is 
raiſed on it: its thickneſs is generally about 20 or 24 feet, 
and its height not above fix ; it is encompaſſed with a ditch, 
and is ſometimes fortified in the inſide, if not, it has a berme ; 
it is upon the rampart that ſoldiers continually keepguard, 
and pieces of artillery are planted there for the defence of the 


The parapet, or breaſtwork is an elevation of earth deſigned 
for covering the ſoldiers from the enemies cannon or {nail 
ſhot. The thickneſs of the parapet is about 20 feet; it is fix 
. infide, and four or five on the outſide. It 
is raiſed on the rampart and has a ſlope above called the ſupe - 
rior lope, and ſometimes the glacis of the parapet. The ex- 
terior flope or talus of the parapet is that facing the country; 
there is a ſtair or ſtep three feet thick, and about two and a 
half high, called banguette or foot bank for the ſoldiers, who 


defend the „to mount that better 


Pl VILpa 206. 
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S and counterſcarp, and fire as oc. 
caſion requires. Upon the outward edge of the rampart is 


left a little way or paſſage of about 3 or 4 feet wide, to mount 
upon, to receive the earth which may roll from the parapet, 
and keep it from falling into the ditch either of itſelf or from 
the ſhock of the enemy's cannon; this ſpace is called the berme. 

The cat or ditch is a channel made about a place to avoid 
ſurprizes. The edge of the ditch towards the place, next the 
rampart is called the ſcarp, and the oppoſite fide, that towards 
towards the field is called ccunterſcarp, which is commonly 
made round over-againſt a point of a baſtion, in order to 
have more room in the covered way. All moats muſt be 
well flanked, and muſt be made wider than any ladder, tree, 
&c. can reach acroſs them. A dry moat round a large place, 
with a ſtrong garriſon, is preferable to one of water. The 
deepeſt and broadeſt moats are accounted the beſt; the ordi- 
nary breadth about 40 yards, and depth about 10, 12 or 15 
feet. 


The covered way is a way left upon the counterſcarp, $ or 
10 feet broad. It has a parapet raiſed on a level, t 
with its banquetts and glacis or eſplanade; this glacis is 
large and lofes itſelf inſenſibly towards the fie The 
greateſt effort in ſieges is to make a lodgment on the co- 
vered way, becauſe the beſieged uſually palliſſade it alon 
the middle. and undetermine it on all fides. When a place 
is well conftiucted, and ſkilfully defended, ſays the late truly 
ingenious Mr. Robins, the taking of the counterſcarp is but a 
ſmall Rep towards the poficſhon of the place; indeed the 
rzſhneſs and precipitancy ot the director of the approaches, 
hath often intimidated a weak and igaorant governor ; but 
when the attacks have been thus eagerly hurried on againſt 
a place commanded by a brave and knowing officer, he has 
taken ſuch advantages of theſe incautious ſteps, as have made 
them too fatal to be copied by any pretending to prudence or 
humanity. 

Line of circumvaliation is a trench bordered with a 
thrown up quite round the befieger's camp, by way of ſecu- 
rity againſt any army that may attempt to relieve the place, 
as well as to prevent deſertion. This trench ought to be at 
the diſtance of cannon ſhot from the place; it is uſually 
12 ſeet broad and 7 feet deep, and at ſmall diftances is flanked 
with redoubts, and other ſmall works, or with field-forts, 
raiſed on the moſt proper eminences. It ought never to be 


drawn at the foot of a riſing ground, left the enemy ſeizing 


| 
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on the eminence, ſhould erect batteries of cannon there, and 


ſo command the line. 

A battery is a place raiſed a little on purpoſe to plant 
cannon on to play upon the enemy, fixed on platforms of 
ftroyg planks to ſupport the wheeis of the carriages that they 
may not fink in the ground: the open ſpaces are called 
embraſures, through which the muzzles of the cannon are 
put, and the — between the embraſure; are called 
mer lons, which are nearly g feet wide within, and 6 without, 
or the cannon are planted about 15 feet diſtant from one to 
another, that the parapet may be ſtrong, and the gunners 
have room to work. A battery of mortars is different from 
that of cannon, for it is ſunk into the ground, and has no 
embraſures. | 

A cavalier is a heap of earth raiſed in different ſhapes, 
ſituated ordinarily in the gorge of a baſtion, bordered with 
a parapet, and cut into more or leſs embraſures. 'I hey are 
a double defence for the faces of the oppoſite baſtion : they 
defend the ditch, break the beſiegers galleries, command the 
traverſes in dry moa's, ſcour the ſalient angle of the counter- 
ſcarp, where the be fiegers have their counter-batterics, and 
enfilade or ſcout the enemirs trenches, or oblige them to mul- 
tiply their parallels : they ate likewiſe very ſerviceable in de- 
fending the breach and the retrenchwents of the beſicged, 
and can very much incommode the intrenchments which the 
enemy makes, being lodged in the baſtion. | 

A redoubt is a mall ſquare fort, without any defence but in 
front, uſed in trenches, lines of circumvallation, contravella- 
tion, and approach, as alſo for the lodgings of corps ae guard, 
and to defend paſſages; their face conſiſts of from 60 to 90 
feet; the ditch round them about 8 or 9 fe-t broad and 
deep, their parapets have the ſame thickneſs; they are built 
within muſket ſhot of the out-works of the place to defend it, 

Out-works are all the parts of a fortification detzched from 
the body of the place, and made without fide of the ditch of 
a fortified place, which ſerve for its defence, not cnlv to 
cover the body of the place, but alſo to keep the enemy at a 
diſtance, and prevent his taking advantage of the cavities 
and elevations uſually found in the places avout the counter- 
ſcarp, which might ſerve them as lodgments to facilitate the 
carrying on their trenches and planting their batteries againſt 
the place: ſuch as tenailles, horn-works, counter-guards, ra- 
velins, half-mocns, &c. 


Hef 
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Half moons are placed before flanked angles, becauſe they 


have a re- entrant angle, either in right or crooked lines in the 
form of a creſcent. 'Thofe which are before a gate or curtain 
are called revelins, and have only two faces; and all theſe 
tenariles, counter-guards, &c. thouid be ſurrounded with a 
good di:ch half the breadth of the ditch of the place. 

The name of hai/-mron, fays a trench writer, is generally 
conſounded with that of raveiin; but here, by a half- moon, 
muſt be underſtood a kind of detach-d baition, made juſt 
b:youd the ditch, overagainſt the paint of the baition to cover 
it, ſo called becauſe its gorge is an arch in the ſhape of a 
creſcent. 

A ravelin is a little out-work, placed upon the angle of 
the countcricarp, over-againit the curtains of the place, and 
made of two faces and two demigorges, to cover not only the 
flanks, but alſo the bridges and gates, and to defend the halt- 
moons, which I ſaid before, are before the angles of the baſ- 
tion, when it is too acute. | 

A traverſe is made of earth in the form of a parapet, made 
facing or flanting towards the enemy, to hinder him from 
paſſing a narrow place, as alſo to cover one's felf from being 
enfilad-d: they are made how you pleaſe, n] as many diffe- 
rent ways as you think proper. 


Rules of goed Fartification by the great marſhal Turenne. 


1. Places commanded by high grounds are leſs ſtrong than 
thoſe that are not, and cannot make a long defence againſt 
an enemy who knows how to make ule of the advantage. 

2. That place that has molt ground incloſed with feweſt 
baſtions is the beſt; and it naturally follows the greatcit 
baſtions are the ſtrongeſt. 

3. The body of the place is to be conſidered as well as the 
out-works. Upon which you are to obierve, that a place, 
though ſtrong by its out-works, is little worth, and cannot 
hold out a fiege in form, if the body of the place is not fortified 
likewiſe, as well as the ground will allow. | 

4. Every part of the place muſt be ſufficiently ſtrong to 
reſiſt the force of the enemy's cannon, Let there be no part 
of the wall but may be feen from top to bottom, from one 
or more places of the town; this is called Ranking : it muſt 
not be out of muſket-ſhot ; that in caſe of an attach, it is of 
great advantage to the ſuſtainets, to keep as good a fire on it 


as poſſible. 


5. The 
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5. The ramparts muſt be fo wide as to afford you a good 
parapet cannon- proof, a good banquette, and room enough 
for your artillery 

6. Let your baſtion be contrived as wide as poſſible z it has 
already been ſaid the largeſt are the beſt, becauſe they give 
you greater room to retrench yourſelves, and more fire for 
your defence. Two hundred men may be ſufficient for each 
baſtion. 

7. Let the gorge have at leaſt 70 yards, the wider the 
better. The fanks muſt be long at leaſt 30 or 35 yards. 
Let the flanked angle be about go degrees or more, but never 
never leſs than fixty. The flanking angles to be as cloſe as 
may be; the leaſt to be of 150 degrees. 

8. The curtain is the ſpice between the two baſtions, or 
that which joins them. They ſerve to cover the houſes and 
inſide of the place. To be good they ſhovld be in a ſtraight 
line ; the others are defective, in that they hinder the flanks 
from ſeeing, ard defending each other. 

9. The curtains then ought to be defended with two 
flanks ; but if neceſſity will let you have but one, you muſt 
plant palifſades before them, and an advanced ditch. Let 

line of defence go from the flanking angle, or from ſome 

part of the curtain, to the point of the oppoſite baſtion, which 

2 not exceed 240 yards, which is the ordinary range of a 
lock. 

10. The prolonged curtains are the beſt, becauſe they en- 
large the place, and leſſen the number of baſtions ; provided 
nevertheleſs they beſhort enough for rhe defence of the place, 
and according to the rules of good fortification. 

11. T1 he ſimple curtain has generally 140 or 160 yards in 
length; it ſhould never exceed 170, nor be leſs than 80 yards, 
to be within the rule of defence. 

12. The prolonged curtain ſhould never be more than 260 
or 270 yards in length. | 

12. A fortreſs ought to be equally firong every where, and 

to command all the place round about it, 

134. Such works, as are neareſt to the center of the place, 
ought always to be higher than thoſe that ate farther off. 

15. The irregular which come the neareſt to the regular 
fortificaticns are the beſt; for thoſe whoſe fituation will per- 
mit you to make every part of the work according to the 
rules of art, and in juſt geometrical proportions are prefcrable; 
but where the ground is irregular, it prevents art irom giving 
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thoſe geometrical proportions to the different parts of the 


work · 

Some adviſe, for the defence of a place, to have as many 
men in garriſon, as there are geometrical paces round it, that 
is to ſay, a man for every five feet. Others appoint 200 for 
every baſtion ; which is moſt followed, and comes to pretty 
near the ſame thing. 

That number may ſuffice for the ordinary duty of a gar- 
riſon ; but there muſt be more to ſuſtain a fiege, and the 
more, the better the defence. 

The greateſt ſtrength of any fortreſs, ſays Mr. Robins, is 
the well ſecuring its flanks, for the enemy cannot approach 
to the rampart of the place if the flanks are well ſcreened 
from the batteries of the enemy. A piece of cannon covered 
by an orillon, in the common manner, cannot be ſeen 
the enemy, till he has gotten over the greateſt part of the 
ditch, or is mounting the breach, in either of which places 
it is impoſſible for him to raiſe a counter- and the 
more complete the artifice is, by which the flank is ſcreened, 
the greater will be the ſpace, in which the enemy will be thus 
expoled. 

Another way of ſecuring the flanks, ſiys the aboveſaĩd Mr. 
Robins, is by interpoſing the entering angle of the counterſcarp, 
(or of the ravelin) between them, and the counter-batteries. 
This practice is deſcribed by Errard of Barleduc, and is faid 
to be the invention of the count of Lynar. And though ſome 
authors, who were ignorant of the advantages hereby pto- 
poſed, have ſeverely cenſured the having any part of the ditch 
hidden from the flank, a circumſtance which muſt neceffarily 
attend this conſtruction; yet the greateſt genius, (Coeborn) 
who ever applied himſelf to the ſtudy of this art, has thought it 
worthy of his imitation; the celebrated fortreſs of Berghen- 
op- Zoom, having its flanks in part covered by this artifice. 


An explanation of the terms of a regular fortified place. 
NMAEG, a baſtion. 
AE the face. F 
AB the outer fide of the pol 
IK the inner fide. — 
IR the inner radius. 
AR the outer radius. 
Al the capital. 
GH the curtain, cortin. 
1G the demi-gorge. 


GN 


Fig. 
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GN the 

IH the length curtain. 

EG the flank. 

AH the line of defence. 

CARB the angle at the center. 

IK the angle of the polygon. 

ABG (= 4 CAD= 4 CBD) the diminiſhed angle. 

EAM the angle of the baſtion, or flanked angle. 

CZADB=Z,EDF the exterior flanking angle, or angle 
of the tenaille. 

£EGH=4FHC the angle of the flank, or angle of 
the curtain. 

{AEG= 4 BFH the ſhoulder-angle, or epunie. 

ae the ftraight part of the counteilcap. 

bnxa a ravelin. 


£bnx ſalient angle 

bn the face 8 the ravelin. 

ba the demi-gorge | 
cdim the counter ſcarp of the ditch before the ravclin. 
P. P, P, place of arms. 

Hv, or t, retrenchment of the flank, or platform of the 


cuſemate. 
Arch vt retired flank. 
Arch F the orillon. 


Theſe are the principal lines an] angles of a regular forti- 
fication, which I come now to fhew how they may be cal- 


culated. 
To fortify a ſquare. 


PROBLEM I. 


Given the onter ſide of a ſquare the face and normal, 10 fortiſy 
ſuch ſquare, that is, 10 drew the majter-line. 


Example. 5 
let the outer ſide AB= 360 yards, the face AE= 109, an 
normal CD=45 yards, it is required to find the dia i thied 
angle CAD, or its equal CBD, the angle of che center, 0; the 
polygon, tne curtain, &c. 


Geometrical conſlruction. 
Make a ſquare whoſe outward fide AB= 360 yards, biſect 
it in C; on C make the normal CD=45 vards, and perpen- 
dicular to AB; from A and B, through D, draw 35 
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ADH and BDG, for the lines of defend make the faces 10. 


AE and Bf each equal to 100 yards, drew EF, and make 
EH and FG each equal to EF, draw the curtain GH, and 
and the flanks EG, FH, and you have one front 


e Ban completed. 
Again, biſe& another fide, As, and draw the normal, per- 


pendicular to it equal to 45, its given length, and proceed y 
exactly in the ſame manner as before for every front till the 
whole be finiſhed, and you will have a ſquare truly foctified. 


Divide the whole circle or 360 by the number of ſides of 
A regular polvgon, the quotient is the angle at the center, 
which taken from 180%, leaves the angle of the polygon. 
4) 360®(90®, the angle of the center. 
And 180? 
. 
go, the angle of the polygon. | 
1. In the right angled triangle ACD, right angled at C. 


are given AC=1$0 yards, and CD=45, to find the dimi- 
wiſhed angle CAD, or its equal CBD. 


As AC=180 2.25527 116. 

To CDS 4 1.65321 * | 
So is radius a 10.880 | 
To tang. :CAD=14® oz 9.39794 


From half the angle of the polygon = 45 00 
Take the diminiſhed angle CAD = » O2 


—ͤ ä  —— 


Rem. 4 TAH half the flanked angle 30 58 
WE 


The flanked angle, or angle of the baſtion=61 56 EAM 
But + CAD= 4 CBD each=149 oz 
Then from 8 180 oc 
CAD S4 oz 
Take | £CBD=14 02 | 28 og 


Rem. 4 ADB= Z EDF 151 36, the exterior flanking 
angle, ut angle of the tenaille. 


O The 


1 
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The hypothenuſe AD is found =185.5 yards by cor, to 
120. theo. 12. Gem. II'S 
Then from 185.5 
Take 100 the face AE 
Rem ED= 85.5 
2. In the wiangle EDF, are given e angles EFD=14* 
oz, LEDF=151Y 5&, and the fide DE =85. 5 yards, to find 
EF, or its equal EH. 
As fine ZEFD=14® oz 9.38468 
To DE=8<5.5 1.93196 
So is fine ; EDF=151® 56 9.67255 
To EF=EH=165.9 2.21983 
To. EH=165 9 From EH=165.9 
Add AE = iO Toke ED= 85.5 


Lineofdefence=265 AH DH or DG=80.4 


In the iſoſceles triangle GDH, are given all the angles 
ul fide DH, to find the curtain GH. 


As five DGH =I o 938468 
To DH =80.4 1.90525 
So is fine 4 GDH=151* 65 g-67255 
To the curtain GH=156 2.19312 
To find the angle of the flank and ſhouider angle, or angle 
of the epaule. 


Since the triangle EFG is iſoſceles, and the angle FEG 
14 oz, for EF is parallel to AB, theo. 3. Gram. 


Therefore from 180 of 
Take ZEFG = 14 C2 
165 58 
Half is 82 59=EGD 


To which add 14 02=4FGH 


CZEGH= 97 ot, the angle of the flank, 
or angle of the curtain, | 


To 
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To . 97% or 
Add ; GHE= 14 2 


epaule. 
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{AEG=111 03, the ſhoulder angle, or angle of the _ 


4. In the triangle EDG are given the angles EGD, EGD 
=$2* 59', and 28“ og reſpeQively, and fide DE=85.5, to 


and the flank EG 
As fine 2 EGD=829 50 


To DE =83.5 
So is fine EDG =28* op 


To the flank EG =40.5 


9 99673 


1.93196 
9.07255 


1.60778 


5. In the oblique triangle AIH are given the angle A= 


30 587 (=54*%*—14* oz”) 4H=14* o, and 4 I=1 35, and 
line of defence AH=265.9, to had the lengthened % 


IH, or its equal GK. 
As fine ZAIH=135? 9.84948 
To AH=265 9 2.42471 
So is fine IAI zo 587 9.71141 
To the lengthened curtain IH=193.5 2.28664 
From IH= 193-5 To IH= 193.5 
Take GH=1 56.0 AddIG= 37.4 
Demigorge IG = 37.4 Infide IK =230.9 
6. In the oblique triangle AIH are given the angles and 
fide AH, to find the capital AL 
As fine £.1=1 35* 9.84948 
To AH=265.9 2.42471 
So is fine ZAHI=1pP 7 9. 38468 
To the capital AI=91.2 1.95991 
As fine Rg o — 10. 00000 
To IK 231 2.36361 
So is 18450 9.84948 


To inner radius KR=IR =163.3z 2.21309 


O 2 


Ts 
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FIG. 
To fortify a regular pentogon. 
PR O B. II. 
119. Given the outward fide, face, and normal of a regular pen- 
tagon, to fortify it. 
Example. 


Let the outward fide AB= 300 yards, the face AE=109, 
and normal CD 54 yards, to find the curtain, flank, &c. 


Geometrical conſtr uftion. 

Make a pentagon whoſe outward fide is 360 yards, and 
biſetitinC; on C make the normal CD equal to 54 yards, 
and perpendicular to AB; from A and B, through D, draw 
the lines of defence ADH and BDG ; fet off the faces AE 
and BF each equal to 100 yards, and draw EF, Whi h will 
be parallel to AB, make EH and FG each equal to EF, and 
draw the curtain GH, and the flanks EG, FH, and you have 
one front completed ; proceed thus round the polygon, and 
it will be fortified. 

N. B If you deſcribe a circle with black lead (which may 
be rubbed out with bread, after your work is done) with the 
outward radius, and apply the given outward fide of the po- 
lygon to that circumference, as often as the polygon has fides, 
and thofe points, as A, B, &c. be joined, you will have the 


polygon couſtructeg. 
| Calculatian. 
5036072“, the angle at 11 center. 
180 
72 


108, che angle of the polygon = £ ABO, 


54, balf the angle of the polygon. 
1. To find the outward or exterior radius of any polygon. 
Say, As the fine of the angle at the center: 
To the length of its outward fice : : 
So is fine of half the angle of the polygan : 
To the ex'<tior cr outward radius of that polygom 
requires ; that is, in this calc, 


* 
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As fine CARB 72 9-97821 


To AB 360 2.55630 
So is fine 4 ABR=54* 9.90796 


To AR = 306.2 radius outer fide 2.48605 
2. In the right angled triangle ACD, right 
there are given AC=18c, CD CD 54 ards, to 22 
niſhed angle CAD, or its equal CBD. 
As AC=180 yards 


2.25527 

To CD=5;4 1.73239 

So is radius 10.00000 

To tang. 4CAD=16* 42” ' $47712 
Tate dine CAB = Ws 
AH half the flanked angle 37 8 


ZEA Mrhe flanked angle or of baſtion=74 36 


To EAM = 74% 36' the angle of the baſtion 
Add C centet 72 oo 


The Z ADB Rg 146 36 2 EDF the exterior flanking an- 
gle, or angle of the tenaille. 


The by pothenuſe AD is found 187.9 yards by cor. to theo. 
11. Geom. from which take the face AE = 100, remains ED 
87.9 yards. 


2. In the iſoſceles tria nele EDF, there are given the an 


gles 
EFD, EDF=16® 42” — 146? 36 reſpectively, and the ſide 
DE 37.0, to find EF, or its equal EH. 


As fine  EFD=16* 47 9.45842 

To DE=87.9 1.94 

So is fine E DF =146* 3% m_ 

To EF= 168 4 2 22630 
To EH 168 4 From EH= 168.4 
Add AE = 100 Take DE= 87.9 


Line of defence 268.4=AH DH= DG= 80.5 
O 3 4. In 


— Ä.  __—_ - 
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1m 9. 4- In the iſoſceles triangle are given the angles and D 
= 80.5, to find the curtain GH. * 


As fine 2 DGH=16* 42” 9.45842 
To DH=80.5 1.905, 9 
So is fine 4 GDH=146® 367 9 74074 
To the curtain GH=154.2 2.18811 
1 angle of the flank EG H, and ſhoulder angle 
ECz. 
Since 4 EFG = 169 42 by ther. 4. Geom. 
Then from 180 O 
Take ETG = 16 42 
163 18 
Half 8: 39=4EGD=/ FCE. 
Add 16 42= 2 FGH 
£EGH flanked £= 98 21 or angle of the curtain. 
Add 16 42=4ZGHE 


£AEG= 115 03, the ſhoulder angle. 

5 In the triangle EDG are given the angles EGD, EDG 

=81* 39/, and 33 24 (=twice 16* 42”) and fide DE=87.9, 
to find the flank EG, or its equal FH. 


As fine EGD=81% 3 9-99537 
To DE=87.9 1.94398 
So is fine EDG = 33 24 9.74074 
To the flank EG g= 48. 9 1.68935 


6. In the oblique triargle Al Hare give. e angles and 
fide AH, to find IH. ot its equal GX, the lengthened curtain. 


As fine ; AIH= 120 9.90796 
| | To AH=268 4 | | 2.42878 
| So is fine ;IJAH=375* 18 9.78246 
1 — — 
| To the lengthened curtain IH =201 2.30228 
{ From TH, the lengthened curtain = 201 
l Take GH, the curtain = I 54-2 
| IG, the demigorge = 456.8 
| the lengthened curtain = 208. 


IK, the inner fide = 247-8 
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To AH 268.4 2.4287 
So is fine CAHI g= 16 427 9.45842 
To capitil A! =95.34 1.97924 
As fine 4R =72? — 
To IK 247.8 2.39410 


So is fine iam or 54% / pol. 9.90796 
To KK SIR 10.8 inner radius 2.32385 


To find the length of the counterſcarp ach. 

The dich being generally ſuppoſed 40 yards over, with the 
radius of 40 + er !s, de ſcribe the round part of the counterſcarp 
before the ſali nt angie A, of the baſtion; and if the counter- 
ſc.rp be produced, it will meet the ſhoulder F; draw Ae 
perpendicular to ae, and join cF. Then, 


In the triangle AEF, there are given the face AE=100 
vards, EF=EH= 168.4 yards, and the included angle AEF 


2163 18” the ſupp. to 4 HEF=16* 42 to find £ AFE, 
and AF. 


Sum s = 169 12 AE+EF=268.4 
EF—AE= 68.4 

Half f-m = 8 215 

As fum üdes 268 4 2.42878 


To their diff. =68 4 1.83505 
_ $9 is tangent half ſum =8* 21” 9.16665 


To tangent half diff. 2 o8' 8.57292 
Whence 87 21'— 22 o8 =69 1J7=2 AFE. Then 
As e LAFE=t? 17 9.03458 
To AE=1co 2.00000 
So is fine 4 AEF=1639 18' 9.45642 
To AF=205 yuds 2.42384 


120. 


04 In 


„ 
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In the right angled triangle A-, right angled at e, there is 
2Cs 

* 822 =265 yards, and Ar = 40, to find F, and angles 
eAF, AFe. 

yards 1. Gun .o 
As eF=261 2.41664 


To Ar 40 1.60206 
So is radius 10.00000 
To tangent CAF =g® 47 918542 
Whence g0* —8® 4J =51® 1 AF. 
To find a « the length of the counterſcary. 
CAFE 6% 17 
4 AFe=8 43 
£FA =14 56 


n yards, to find oF. 
angled triangle Fla, there are given the angles 


Fo find oF and 5 0. 

— — — 149 $6'=759 04 = 45aF = 2 ban. 
As fine Cf =75% 4 9-98507 
To :F=84.2 1.92531 
So is fine Z Far 14 45 9.41110 
To 14=22.4 yards 1.35134 
As fine £.aF =75% 4 998809 
To F842 1.92531 
So is radius | 10.00000 
To aF=$7.1 yards 1.94024 
From eF = 261 
TakeaF= 87.1 

ea=173-9 yards, for the ſtraight part ca of the 


To 
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To find the arch e b, haif the circular part before the baſtion. 

The outward angle BAC, in this caſe, is = 108®, the 

of the polygon, and; FAC= 4 AFE=6® 17 by theo. 4. Gem. 
To ;hAC=108® 

Add ; FAC= 6 17 


£hAF=114 13 
TakegeAF= 81 17 


Fic. 
120. 


eb 32 56 arch eh. 
Or. 32.9339. then by prop. 3. Trig. 


Prod. 22.987234 yards 23 yards very nearly arch cb. 


To find the ſeveral parts of the ravelin bn x. 

The capital an, is ſuppoſed generally 100 yards, and the 
faces produced to meet thoſe of the baſtions in a point v, 
about 6 or $ yards from the ſhoulder E. oF 

In the right angled triangle E- D, there are given the ſides 
Es=sF =8$4.2, and ED=87.9 yards, to find Ds. 


By cor. thee. 11. V tD*— Ef =D5=25.2 yards. 


yards 
To g= 22.4 To ED=87.9 
Add :-D=25.2 Add Ev = 6 
De=47.6 Dv=939 
an= 100 
Side Dn=147.6 


From 999 — 4CAD=16* 42= 4 HEF, remains 73 18 
=4 ADC=,vDC=z vDn. * * 


In the triangle VD, there are given vD=93.9, D==147 6 


5 W e 187 to find the 
| 


From 


—ꝓñ—— m 2 


| 
j 
| 
| 
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180 co” vD= 93-9 

73 is Du 147.5 

106 42 =241 5 

ETalf fora 53 2 Diff. 53.7 
As ſum hides 2241.5 a 
To their diff. 2 53.7 1.72997 


So tang. half ſum Cs = 53 21 10.2841 


To tang. half diff. 169 38 9-47 547 


From 53217 
Take 10 28 


30 432 Zu = 4 bna. 
2 


P. IX. 


73 26 lux, or the ſalient angle of the ravelin. 


From : 180 oo 

Clans 4 
Take 2535 a3 _— 

£ abn= 63 13 
As fine Caln 6813 9.96782 
To na=100 | | 2.00000 
So is £han=752 4 9-98 507 
To i = 14 the face of the ravelin 2.01725 
As fine 4abn=689 17 9.96782 
To na=100 2. 0 
do i» hne C == 3643 9.77659 


To ba=©4.33 the demigorge. 1.80377 


The F is equal to £ bo", and has been fourd =75® c4" 
In the triangle abr, given the fide an=100 yards, and che 
angles, to find bn, the face of the ravelin, and ba, the demi- 
gorge. 
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To find the counterſcarp of the ditch before the ravelin. 
D. mn, rn, each equal to 24 yards, perpendicular to 
the * unterſcarps, and fince they are parallel to the faces of 
the ravelin, they are alſo perpendicu!ar to the faces; there- 

fore th- four angles at x, are equal to fuur right angies. 

For Con- 2008 and gn g D, the efore C. (180% — 
4 bnx=180%* —73* 26'=) 106% 34 106. 500 =arch rm; 
then by prop. 3. Trig. 


01745 | 


41880 
Mult. 105.556 


Prod. = 44.6298405 yards length of the arch rm. 

Draw 14 perpendicular to the counter (carp cr, then dr= 
the face bn=104 yars, and Cd Cabn S8 17, and its 
complement is cd 21* 47. 

In the right angled triangle 5dc, right angled at d, there 


are given the angles bcd, chd, and fide ba=rn=24 yards, to 
find bc and cd. 


As fine 4 6:4=68® 17 9.96782 
To d= 24 1.38021 
So is radius io. ooo oo 
To bc=25 8 yards 1.41239 
As radius 10.0000 
To bc=25.8 1.41239 
So is fine chi 2147 9.56948 
To «a=9.59 yards 0.98187 


To confiruf the otiilons and retired flanks. 


Since the body of the place in the French fortifications 
is ten made with ori//ons, and retired flanks, it will be proper 
to ſhew how they are conitructed. 

Ide er illan covers part of the flank, which, for that reaſon, 
is taken inwards, and therefore it is properly called retired or 
crvered flank, and the line Hu or t, is called retrenchment of 
the flank, or platform of the coſemate. Tue orillon is a round- 


ng 


Fic. 


121. 
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120. From 180 0 vD= 93.9 
Take 73 18 Dn=147.9 
106 42 Sum =241 5 
| Half ſum 53 21 Diff. 53.7 
| As ſum hdes=241.5 2.28291 
| To their diff. 53.7 1.72997 
So tang. half ſum £5=53% 21 10.2841 
To tang. half diff. 16 38 9-47 547 

From 53 21” | 

Take 16 28 


30 432 Lu = L bna. 
2 


73 26 4 lar, or the ſalient angle of the ravelin. 


The e. r is equal to bas, and has been found 275 047 
In the triangle abr, given the fide an—=100 yards, and the 
angles, to find Ja, the face of the ravelin, and ba, the demi- 


Sorge. 
From : 180 o& 
Clans 4 
Take n 43 } 111 7 
£ abn= 68 13 
As fine Caln 68 13 9.96782 
To na=100 2.00000 
So is £han=75* 4 9-98507 
To h 14 the face of the ravelin 2.01725 
As fine 4abhn=68® 13 9.96782 
To na=100 2.00000 
do i> line gh na=36? 47 9.77659 


To ba=&4.33 the demigorge. 1.80877 
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To find the counterſcarp of the ditch before the ravelin. 

Dun, rn, each equal to 24 yards, perpendicular to 
the co unt-rſcarps, and fince they are parallel to the faces of 
the ravelin, they are alſo perpendicular to the faces; there- 
fore the four angles at u, are equal to fuur right angles. | 

Fer Con- Sand gung DD, the:efore C= (180% — 
4 bnx=180* —73* 200g) 100 37 106. 50 arch rm; 
then by prop. 3. Trig 

01745 
24 =, radius. 


.41880 
Mult. 106.556 


Prod. 244.6298403 yards length of the arch rm. 

Draw 44 perpendicular to the counter (carp cr, then dr= 
the face bn=104 yards, and Cd = £abn=68% 17, and its 
complement is cd 21* 47". 

In the right angled triangle öde, right angled at d, there 


are given the angles bcd, cbd, and ide ba=rn=24 yards, to 
alan 


Fic. 


As fine 2 6:4=68® 17 9.96782 
To bd=24 I. 38021 
So is radius 10.00000 
To bc=25 8 yards 1.41239 
As radius 10.00000 
To bc=2<+5.8 1.41239 
So is fine chi 21 47 9.56948 
To c«4=9.59 yards 0.98187 


To confiruf the otiilons and retired flanks. 


Since the body of the place in the French fortifications 
is uten made with or://ons, and retired flanks, it will be proper 
to ſhew how they are conitructed. 

'T he or4lon covers part of the dank, which, for that reaſon, 
is taken inwards, and therefore it is properly called retired or 
covered flank, and the line Hu or t, is called retrenchment of 
the flank, or platform of the coſemate. Tue orillon is a round- 


ing 
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F6. ing of earth lined with a wall raiſed on the ſhoulder of thoſe 
121. baſtions that have c. ſemates to cover the cannon in the retired 


flank, and ſerve as a ſcreen between the enemy's direct fre 
and a part of the flank, where the cannon placed there are 
loaded with grape or caſc-ſhot, to ſcour along the ditch. 


To find the length of the arch vt, which forms the retired flank. 
Find the flank FH, as has been directed = 48.9; then divide 

it into three equa) parts, and make Hs equal to two of them, 
then F the orillon' will be one of thoſe parts; from the 
flanked angle A, draw A. and produce it to t, making t equal 
to 10 yards; the line of defence EH muſt be produced to v, 
making Hy g= t iO yards, join tv and make thereon an 
equilateral triangle vrt, then v is the center from which the 
arch vt, the retired flank, is deſcribed. 

Ihe face AE =100 
EH = 168.4 


AH=268.4 

In the trian2's AHs there is given the fide AH=2698.4, 
ard Hit thus of the flank HF =) 32.6 yards, and the 
mcluded Z. AHs=-; FGE=8$19 39, to find the angles AsH, 
Ha,, and ide As. 


AH=268.4 From 180 oc” 
Hs = 226 H= 81 39 
Sum 321.0 Sum £5 = 98 21 
Diff. 235.8 Half ſum 49 10 
As ſum ſides ⁊ 301 2.47856 
To their diff. 235 8 2.37254 
So is tang 49% ot“ balf ſum 10.06351 
To tang. half diff 429 12 9-95749 
Whence CA = 22 and HA, 50“ 
As fine HA, παο i 507 9.08485 
To H, = 22.6 yards 1.51321 


So is fine AH = 357 ' 9.9953 


To A= 265.3 | 2.42372 
Hence A= 275.3=At 
Ard All T Hog 228.4 Av. 

In 
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Ia the triangle vAr, there are given the fides Av, At, and © **- 
included Ar 59, to find the angle Aut, and fide u.. 


278. 3 At 
278.4 
553-7, ſum, 
3-1, diff, 
2.74327 
To their diff. 3.1 0.49136 
So is tang. of 80“ 307” 11.21455 
To tang. half diff. =5® 14 8.96204 
Hence 4 Avt=$19 16, and CAtu 9144. 
As fine 4 Avt=819 16” 9-99493 
To At=275-3 2.4 3980 
So is fine £vArt=6? 59 9.08486 
To vi=33 8 yards 1.52973 


But vr =vt by conſtruction, for vrt, is an equilateral tri- 
angle, and each angle=to CO“ arch vt; therefore to fiud 
the retired flank vi, proceed thus by prop. 3. Trig. 

Mult. .01745 

by 33-8=vr radius. 


Prod. . 58981 "x 
6o? 


. 35-388600 yards, length of the arch vt, the retired 


To find the orillon 3 F. 


Make Fx perpendicular to FB the face of the baſtion, at F 
the end thereof ; then biſect F in z, and raiſe a Perpendi 


pendicular 
at x, and where it cuts Fs, the interſeRion x is the center to 
deſcribe the oritlon F. 


From 4 BFH=115® or, the ſhoulder angle 
Take 20s = we J. 


42 FZ = 25 c;; hence zxF=64* 57 
But 
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But Fs is one third part of the flank FH=16.3 yards, its 
balf=8.15 x. 


In the right angled triangle Fzx, there are given all the 
angles and tide Fz, to find Fx, tie radius of tne orillon. 


As fine £ x2F =649 57 9 95709 2 


To Fz=5.15 0.9115 
80 is tadius 10. c οοο 


5 


To *x=9 yards nearly | 0.9 5406 
Whence twice £zxF =64® 57 is 1299 54=129-97 the 
orillon's arch; thei. by prop. 3. Trig. 


«C174 
8 degrees, Fx radius 


15705 
8 129.9 degrees 


Prod. 20.400795 yards, the length of the arch F, or the 
illon. 


or 
To fortiſy a regular hexagon. 


20 p R O B. II. | 
2 Given the cuttuard ſide, normal, and face of a regular hexagen, | 


ts fortify it. 
| Example. 


Let the exterior fide be 360 yards, the 2 60 yards, 
and face 100 yards, to find the reſt. 


With the exterior fide as a radiu = 360 yards, deſcribe a 
circle ; then take the outward fide AB= 360 yards, and apply 
it to the circumference ſix times, then biſect AB in C, and on 
C make the normal CD=60 yards, perpendicular to AB, 
from A and B, through D, diaw the Ines ADH, BDG the 
lines of defence, ſet off the faces AE, BF, each equal to 109 
yards, and draw EF; make EH, and FG each equal to EF, 
and dre the curtain GH, and the flanks EG, FH, you have 


then one front completed: proceed thus round the polygon, 
and the hesagon will be fortified. 


Or 
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Or thus, after Mr. V auban's manner of fortiſying. 120. 


Divide the outward fide AB into ſeven equal parts, and 142 
allow two of them for the faces AE, BF, and make the lines 
EH, FG, each equal to the line EF, to have the curtain GH, 
and the flanks EG, FH; and if the like be done round the 
hexagon, you will have the maſter-lines of the curtains and 
baſtions, to which in the inſide muſt be added a rampart 
about 24 yards broed, which its parapet of 6; and on the 
out- ſide a ditch 32 or 36 yards broad over-againſt the flanked 
angle and 40 yards broad over-agaivlt the oulder. Not for- 
getting a covered way of 10 yards in breadth, and an eſpla- 
rade or glacis of 40. 

Calculation. 


6) 26060, angle of the center. 
Add 120, angle of tne polygon. 
The radius of a circle circumſcribing a regular hexagon, 
is always the length of the tide of that aexagon. For 
yards 


As fine 6o? : 360 :: (fine — 360 yards, the 
radius of the exterior fide. 
In the right —.— triangle ACD, there are given AC, 


=180 yards, and CD=60, to find the dimĩniſhed angle CAD, 
or its equal CBD. 


As AC=180 2.25527 
To CD=60 1.77815 
SO is radius 10.000C0 
To tang. CAD = 18" 260 9.52288 


Tie angles CAD, and CBD are each = 189 26' their ſum 
=36® 52 taken from 180® leaves 143® 8'=the exterior flank - 
ing angle, viz. ADB=EDF or angle of the tenaille. 

From 4. RAB, half the angle of the polygon=60® oo” 

Take 4 CAD), the diminiſhed angle 18 26 

o 

4 RAH, half the flanked angle 41 34 

doubled is EAM, the flanked angle or angle of the baſ- 
ton 83 o8'. And by car. theo. 2. Geam. the hypothenuſe 
AD=189.73 yards; fiom which take the face AES led, 
leaves ED=89.73 yards. 


in 
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In the triangle EDF, there are 2iven the angles EFD=1g0 
26*, EDF=143" & and the file DE=89.73 yards, to find 
EF, or its equal EH, 


As fine ; EFD=18* 260 9-49995 
To DE=89. 1.95293 
So is ſine ZEDF=143%& G-77811 
To EF=EH=170.2 2.23168 
To EH=17c.2 yards 

Add AE=1io0 


AH=270 2, the line of defence BG. 
From EH g= 170. 2 
Take DE= 89.73 


DH= 80.47=DG. 


In the ifoſceles triangle GDH, there are given the angle: 
DGI, and GDR=18* 267, and 1439 8, alſo the fide DIE; 
=80-47, to find the curt- in GH. 


As fine DGCH 8 2600 9-49996 
To —_— 1.90563 
So is fine 4 GDH=147 & 9.77811 


To the curtain GH=152.6 yards 2.18378 


From 180“ oo 
Take 18 26=4 EFG 


161 34 


80 7 = LEGF 
Add 18 26=/,FGH 


 £FEGH=99 13, the angle of the curtain, 
Add 18 26 


£AEG=117 3g, the ſhoulder angle. 


In the triangle EDG xe given the angles EGD, EDG= 
800 4%. ard 36% 52, alſo the fide DE=8g.73, to find the 
fack EG. 


As 
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As fine ZEGD=80® 47 9.994 35 
To DE=$9.73 1.95293 * 
So is fine EDG = 3625 3 


To the flank EG= 54. 54 yards 1.73669 
In the triangle AIH, are given the angles AIH=32209, 
IAH=) 4 RAB-CAD=) 4% 34, and fide AH=270.2, 
to find the lengthened curtain IH, or its equal GK. 


As fine 4 1=120? 9 93753 

ToAH=270.2 2.43168 

So is IAH=419 34 9.82183 
Tothe lengthened curtain[H— 207 yards 2. 31 598 

From IH =207 

Take GH=1528 

Demigorge IG = 54.2 

To IH=270 

AddIG= 54.2 

IK =261.2 yards, the inner fide. 
To find the capital Al. 

As fine I= 102 9 93753 

To AH=270.2 yards 2.43168 
So is fine LAH 18267 9-49996 


To the capital AI = 98.6 yards 1.99411 


The inner radius=261.2 yards is always equal to the 
inward fide, in a regular 

Ik my reader would find the length of the ach, 
the circular part before the baſtion, the ſeveral parts of the 
ravelin, the counterſcarp of the ditch before the ravelin, 
the reticed flank, and the orillon for a hexagon, &c. he muſt 
proceed in the ſame way as is ſhewn before ig the pentagon, 
only ing to take its proper line of defence, dimi- 
niſhed angle according to the propoſed polygon; for fig. 129. 


repreſents a part of lar poly I ſhall here 
down the refults of the fame for the hexagon, and leave 


operation for the learner's exerciſe, 
P 


FORTIFICATION. Ff. n. 
Of the ſeveral parts of the counter ſcurp ach. 


F =264 
iF = 85.1 = 15 25 
aF = $8.27 F = 74 48 
ae =157.7 =126 
Arch a = 31.7 = 45 25 
Of the ſeveral parts of the ravelin bnx. 


yards 
as = 2% 


Da= 5 


4 ADC=71* 34/= D 
Deo = 36 46= C 
£ bnx 73, 32 

£5aF 274 35= ban 
Za =68 39= £4 bd 


Of the comncer ſcary of the ditch before the ravelin. 


£rmm=1c6* 28” 
£ bux = 73 32 
£ bed = 39 
£.<>d = 21 21 
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EM. FORTIFICATION. 


Theſe are the lines and angles of the ſeveral 
ravelin, counterſcarp of the ditch before 


PROB. IV. IR Ss 


| Given the outward fide, face, and normal of a regular otagin, 
t fertify ir. 


+. 
$43: 
21511 


© 
. 


=; 
77 & 


$)360®(459, the of the center. 
And POS... —- 355 the — of the polygon. 


To AR the exterior radius 470.3 4.67243 
In the right angled triangle ACD, there are given AC: 


P 2 As 


. 
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Fic. 
120. As AC=180 yards 
12 
* To CD=68 
So is radius 
To tang. ;CAD=20* 47 


From BAR =679 
Take cab 22 


IAH 46 48, half theflanked angle, whence 

Ge or angle of the baſtion EAM =93* 36 
cab CBD by theo. 4. Geom. each equal to 20 
42, whence 4 ADB= / EDF=138* 36', the exterior flank- 

DTIC tenaille. 
. 11. Geom. the hypothenuſe A0 

* from which take the face AE=100, — — 
l ED, there are given the angle. 55 
LT, =2380 36' and fide DE, to find EF, or its 


As fine ; EFD=20® 427 9.54835 
To ED = 5 57 
] I 
80 is LEDF=1389 36" 7 
To EF, or EH=1;: 
To EH=1272.9 ay — 
Add AE = z00 
AH=272.9, line of defence. 
From EH=172.9 
Take DD= 92.4 
ns 80.5 
ifoſceles triangle GDH, there are given the . DGH 
=20® 427 + GDH=1389 36" 
— 228 138% 367, and fide DH 80. 3, to find 
As fine DGH = 20 47 9.64835 
To DH=8$0.5 ""7-90570 


So is fine 2GDH=1389 836 9.82040 
To the curtain GH=150.5 yards 2.37784 
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From 180 o& 
Take 20 42 
159 18 
Half = 79 9 418. 
Add 20 42=4FGH. 


£ZEGH= 100 21, the angle of the curtain. 
Add 20 42 


LAEG= 121 03, the thoulder angle. 
Is the wiangle EDG, are given £4 ZEDG=4r 24, 
LEGD=79* 39, and fide DE=92.4, to find the flank EG. 


As fine ZEGD=79" 397 999287 


To ED=92 I 
So is fine © 2 EDG=419 24 * 
To the flank EG=62.1 1.70320 


To find the lengthened curtain IH. 
In the tri AIH, are given { AIH=112* An 
46497, to py ct rect = 30 

As fine 4 AIH=112* 30 9-96561 

To AH= 

So is fine £ {AtI=469 48 — 


TothelengthenedcurtainIH=215.3 2.33309 


From IH 2215. the lengthened curtain 
Take GH= — — 


IG = 64.8 = demigorge. 
To =215. 
Add IG= 6 8=HK 


IK =280.2=the inward fide. 
And as fine 4 AlH=112* 30 9.96561 


To AH=272. 
2 5 ſine 4p; \ 42 
To the capital Al 104.4 


P 3 As 


Ir 


FORTIFICATION, 


As fine 4 R=45* 9.34948 
To IK = 280. 
So is fine 4 RIK=67® 30" 9.96505 


——— 


To the inner radius KR 366 nearly 2.56344 
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ITA T2 of Mr. de Vauban's Method of fortifying. 


PROBLEM. 
To draw the profile of a regular fortification, or to lay down tie 
and breadths of all the * the 
—_—— of * 
1. The profile of the rampart, ditch, covered way, and 


Firſt draw the ground line or level of the A. than 


from a ſcale of 


„ - 
- a bc; * 
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Make AS, HG =6 yards, the height of the rampart. 
IK, MO=5 ya'ds, the depth of the ditch- 
PQ=2 yards, the height of the efpianade or glacis. 
Draw QR. the glacis, which inſenſibly loſes itſelf towards 
the field for 30 or 40 yards, alſo SG, and KO. Then 
Make $B —6 yards, the inward flope 
GT —6 yards, the outward ſlope ; of the rampart. 
FI b yards, the baſe of the 
KL s yards, the inward flope 
NO =5 yards, the outward dope oof the ditch, 


From F raiſe the perpendicular FD, and make it equal to 124. 
2 yards for the height of the parapet, allo at P raiſe PQ per- 
pendicular equal to 2 yards, fer that of the glacis; add a 
banquette or foot-bank to equal parapet, at leaſt 2 feet high, 
and a yard broad. DE the glacis of the parapet is drawn to 
the point of the countericarp, and ends where HT produced 
cuts DM. 

II. Another fort of profile with a falſe broye. 125. 

Draw the profile of the rampart, ditch, covered way, as 
before directed. Then | 

W 2" yards, the rene | 

HLG yards, the breadth f of the braye. 
Hl =2 yards, the height fal 
LMI yard, the berme. 

The next as before. 


Another profile through the face of a baſtion, acroſs 
ditch, through the covered way, and glacis. * 


Draw AR to tepreſent the ground line, or level of 
field, as before. Then _ a 
Make AB= 3 yards 
BC=10 yards 


Fic, 


hm =40 yards, the breadth of the ditch, 
mL= 4 yards 

LM=5; yards 

MO=24 yards 

OR=4o0, or 50 yards, , 
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Fic. 
126, Then from the points A, B, C, D. E. F. G, &c. draw as 


many perpendiculars to the line AR, and 
Make Bb=3 yards 


Ce 245 
De =43 yards 
Ef 22 yards 
g =4 $ 
＋ 4. 
Mz= 4 
No SIA yard 
OP =2} yards 
« Draw the lines Ab, bc, cr, „gb, Ln, &c. alſo de parallel 
r make qo the ſame, draw ad, 
eee. 
or profile in per ſpecti ue. 

Having drawn the profile accordin de the above dieRtions, 
draw Aa what length ycu pleaſe, — 
le] to ab, rs parallel ws it parallel to 0 tx parallel to de, as 

parallel to of, &e. which being done thro + = me — 


you will have a ſecond profile, wh aded as you 
the plan, will ſhew the heights and ae in — 
Where ab, the inward of the 
FG, the outward age 2 
hc, the walk of the rampart. 


of, the intide 
/z, the — $ of the * 


cd, the flope 
&, the wp f of the foor-bank. 


GH, the betme. 
HI, the ſcarp. 
KL, the counterſcarp. 
IK, the bottum of the ditch. 
I. M, the covered way. 
69, the flope 
2388 Jof the banquette, ot foot-bank. 
cp, the inſide of the parapet. 
PR. the flope of the glacis. 
Note. The breadch of the ditch and glacis are not laid down 
in their true proportion, it would make the plate too long here. 
Ha ung taught how to fortify regular polygons both by 
conſtruction and calculation, whether they be fortified with 
or without orilions aud -oticnd flanks, J rail fay no more of 


this ſubject, but conclude it with a ſhort eſſay upon encamp- 
92 A 


P. NX. 


P.! 


ye 


reien ee 


—. 
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Encampments, . Roſand, a Fenutenant- 
nnen 


This gentleman publiſhed a Treatiſe of Fortification in the 
year 1733, from which the following extract is a tranſlation. 

The colonel aſſerts, that he had always ſen forty or fifty 
paces allowed for a ſquadron to encamp, and as much for 
the interval or ſpace ; that he has even ſeen one hundred paces 
allowed for the front of the camp of every battalion, and 
as much for its interval or ſpace. This practice, he ſays, 
may be looked upon as an invariabie rule, if the 
chuſes to give battle with intervals equal to the fronts of 
the differents troops, of his army. But in whatever method 
he determines his order of battle, the camp of every reſpective 
corps, and its interval, muſt be proportional to the front. 

It follows therefo:e, from the briaciples, laid down, with 
regard to the extent or front of the camp, that there ought to 
be, before every corps, battalion, and ſquadron; an open 
ground, for forming an army in order of battle, Wherefore, 
if we are obliged, ſays he, to encamp in difady 

the firſt ching, we are to attend to, is to lay out the 
ground in ſuch a manner, that the troops may have an eaſy 
communication, and move without any other obſtacle. 

The order of battle being commonly a right line, on the 
fide next the enemy, and in the ſame line, if the ground per- 
mits, the colours and ſtandards are placed. This is the prin- 
cipal line, or to expreſs it in the terms of military fortiſica- 
tion, the maſter line of the camp, on which a!l the reft depend. 
After having explained the principles on which the front 
of a camp is formed, let us procred to ſpeak of its depth. 
This is determined by the depth of the camps of the batta- 
lions and ſquadrons which we may reckon at forty-eight or 
fifty yards The fecond line mutt have the ſame ſpace before 
it as the firſt, quite clear, to draw the troops up in a line of 
battle. | | 

The diſtance from the head of the camp, or fi:ft line, to 
the ſecond is commonly three or four Fundred paces, fone- 
times ive hundred, if the ground be ſhac ons enough; but the 
diftance ſhould never be leſs than two hung d paces, becauſe 
-otherwiſe the rear of the camp of the une would inter- 
'fere with the front of the camp of the . ont line. 

In cafe of an attack, it is eu ren bonriicial to have a 
large ſpace of cicar ground betuie ine camp, becauſe the 


troops 


} þ ir in 
have an opportunity of forming themſcl ves behind 
firſt, in order to ſupport them; and this is an 


Turks, the officers in general make uſe of tents ; but in Flar - 
ders, Italy, &c. which are oftenthe feat of war, there are many 
villages and houſes, wherein the principal officers, as licute- 
field-marſhals, & c. have their quar- 

The quarter-maſters of the army appoint each a houſe 

in the villages contained within the extent of the camp. 
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s, bombs, 
carcaſſes, cartouches, granadoes, c. the manner of nailing 
up cannon, ſo as to render them uſeleſs to an enemy, 
widening the touch-hole ; fixes rules for the making of 


; ges, 
mines, &c. and all thoſe . 
taking and defending fortified towns. 

It is neceffary for an able gunner to be well 
— accrieaecount of al remark; 
able ſhots, to be ready at the finding the requiſite —_ 
powder fitting for any piece required ; the weight ſorts 
of ſhot; to be acquainted with bined od ponder 
underſtand ſo much of geometry and as to be 
expeditious in taking heights and diſtances, to level, conſtruR 
batteries and platforms, to know the names and different parts 
of cannon, their different ranges, the powder for proof and 
ice, the point blank on a level, utmoſt random; — 
number of horſes or men to draw the pieces on ſudden 


of 
the place; 


422 GUNNERY. P. X. 
DzrNITIONS. 
— . elevation * 2 above 

I. Angle of — according as it is 3 * ? 
the horizontal line, is the angle which the line of direction 
makes with the horizon. | 

amplitude > . N | g 

II. The | Yo — 4 is the diſtance between the point 
of projection and the objec aimed at. | 

fil. Tuc impetus is the greateſt height that any cannon 
ball can alcend, when projected perpendicularly to the hori- 
20n ; and is always juſt one half of the greateſt random upon 
a horizontal plane. 

The greateſt random muſt be found by trials, which is 
neceſſary to be known. 

IV. Wnen any body is projected in any direction whatever, 
which is not perpendicular to the plane of the horizon, it will 
in its motion deſcribe a curve line, called a parabola, unleſs 
ſo far as the reſiſtance of the air hinders it. I he curve AEB 
is the Figure II. 

V. If the body projected meet with with no reſiſtance, it 
would throw it in the direction AC, but gravity acts every 
inſtant, and draws the body from the ditection AC, as ſoon 
as it leaves the engine, in the curve AB. 

VI. The direction AC, of any engine, is a at the 
point where the engine is placed, to the curve AEB, which 
the projected body deſcribes by its flight; for the curve AEB 
is deſcribed b projected body in the ſame time that it 
would have fallen through height CB. | 

VII. If AC is the velocity and direction of a projected body, 
then AB is the horizontal velocity. 

VIII. BAC is the angle of direction, or the angle for ele- 
vating your piece, and the greater the elevation is, the higher 
the ball will riſe; whence a body thrown up with a given ve- 
locity from A, the place where your piece is fixed, will riſe to 
„ canta common. 

t point. 

IX. The greateſt random is half the parameter, and when 
the utmoſt or greateſt random is mentioned, it muſt be under- 
ſtood that the piece is always laid at the elevation of 45 de- 
grecs, twice the fine whereof is radius; and likewiſe ranges 
made equally diftant above and below 45%, are equal; for the 
fines of all double arches are equal to the fines of their double 
complements xz. The random of a ball made at an angle of 

* 1 45 


* 


SS WW nns Fa ww 


m7 4 
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45 is equal to the ſquare of the time of its deſcription 
in ſeconds raultiplicd by 16,1 

X. when any objects diſtance on a horizontal plane is Ic's 
than the piece's greateſt random, it may be hit then by two 
elevations, each whereof is the complement of the other to 90 


1. Since the verſed fine of 180 degrees is equal to twice 
the radius, i: is manifeſt, that the teſt altitude of a per- 
pendicular projection is one fourth of the parameter, or half of 
the greateſt nor:zontal random, and conſequently the impetus 
is half of the greateſt horizontal random. 

XII. The velocity of the impulſe mov: d in a ſecond, is al- 
ways a mean proportional between the parameter and 16 
feet ; that is, equal to the ſquare root of the product of 165; 
feet into the parameter. | 

XIII. The velocity of a project in any pcint of its curved 
line made by its flight, is ſuch, as a body acquires in failing 
down a fourth part of the parameter belonging to that point. 

XIV. In projects, caſt with the ſame velocity, if the velo- 
city be defined by the number of feet moved in a fecond, the 
parameter will be found by dividing the ſquare of the velocity 
by 164, feet. 

XV. The utmoſt random on an inclined plane, and conſe- 
quently, the leaſt force that can reach an object, is made 


is 

So is the diſtance of the object from you, to the ſine of 
double the angle of elevation, half whereof is the angle 
of elevation required. | 

XVII. When any obje& is ſo near you as you can take 
aim een een 
ulgarly called) point blant, and in battering walls; then di/- 
dart your piece, that is, fet ſuch a mark as a piece of wood 
ollowed on one ſide to fix on the cannon's convexity, on or 
Ze aka ants. coo;  « 


R N 


baſe ring againſt the touch-hole, by the mark ſet at or near 
the muzzle may be parallel to the cannon's cylinder, its top 
being juſt as high above the picce as the metal is thicker at 
the breech than at the mouth, this fight-piece ſerves for guid- 
ing your eye in taking aim, and by levelling the upper part 
of the breech, and the upper part of the fight, with a given 

ject, the bullet diſcharged in that direction will be carried 
towards that object, only lower juſt half the diameter of the 
cannon at its breech, therefore always level the piece half the 
diameter of the breech higher, the ball then will hit the ob- 
zeR ; provided no accident vary the direction. 
XVIII. Cannons are beſt named from the weight of the ball 
they carry. ; 

As a cannon carrying a ball weighing 


XIX Mr. du Metz, lieutenant-general of the late French 
king's forces, and lieutenant of the artillery in Flanders, ob- 
ſerved by which the pieces being fired at random ſhot, at an 
elevation near 45*, and charged as follows, it appeared that 


fathomy 

A 24 pounder charged with 16 /5. of powder, carried -2250 
16 pounder 101 U. 2020 
12 pounder 816. 1870 

8 pounder 5+ bb, 1660 

4 pounder ' 246. 1520 


But notwithſtanding, with what care ſoever the above expe- 
riments were made, many accidents will occur fo as to render 
the diſtance of the ſhot uncertain ; and though not fo abſo- 
lutely to be depended on, yet fo much regard is to be paid to 
theſe experiments, as they give pretty nearly the true extent 
of the ſhor. 

XX. M. the marſhal de Vauban was a great improver in 
the practical management of artiilery, eſpecially that called by 
him batterie d ricochet, or rebounding ſhot, which he fired with 
ſmall quantities of powder, and elevated the piece fo, that the 
ball in his deſcent might juſt go clear of the of the 
enemy, and drop into their works; by this means, the bullet 
coming to the ground in a ſmall angle, and conſequently witk 
a ſmall velocity, it either bounds or rolls along in the direc- 
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mortar, having 
cauſes it to be ; 
then to „ well beat down with the 
rammer, over theſe are put two or three ſhovelfu's of earth, 
which are alſo well beat or rammed down; after which the 
bomb is piaced upon this earth, as near the middle of the mor- 
tar as poſſible, with the fuſe or touch- hole, up oſt; more 
earth is then put in, and preſſed down cloſe all round the 
bomb, with a wooden knife about a foot long, fo as io 

the bomb firm in the ficuation it is placed in. All this being 
done, the officer points the n rtar, that is, gives it the incli- 
nation neceliary to carry the bomb to the place deſigned, 
When the mortar is thus fixed, the fuſe is opened, the picker 
is alſo paſſe iin the touch-hole of the mor:ar to clear it, and 
it is then primed with the fineſt powder. This done, two 
foldiers, taking each one of the lint-ftocks, the firſt lights the 
fuſe, and the other fices the mortar. The bomb, thrown out 
by the explo ſion of the powder, is carried to the place intend- 
ed, aud the fuſe, which ought to be exhauſted at the moment 
of the bomb's falling, ſets fire to the powder it is charged 
with ; this immediately, by its exploſion, burſts the bomb 
into ſplinters, which are thrown off circularly round the 
— upon, and do confiderable damage on 
_ every fide. 

XXI. A twenty-four pounder has been fired five or fix 
times in an hour for twenty four hours together, but preat 
care muſt be taken to cool it, for the piece will grow ſofter, 
and the touch-hole will be widened ; the hotter a cannon 
grows, the greater is the velociry of the ball, and it recoils 
with yew violence upon the carriage, becauſe the powder 
takes five quicker and in a greater quantity; it may 

to — the . the ball, 122 re- 
coiling falls again before the bullet is out. Therefore the 
platform muſt be firm and folid, for if the platform be ſhaken 
wth the firit impulſe of powder, it is ſure the piece will like- 
wiſe be ſhaken, and this will certainly alter its direction, and 
fo reader the ſhot uncertain: in order to prevent tnis, piat- 
forms are uſually made very fm to a conſiderable depth 
backwards, fo that the piece is well ſupported, both in the 
beginning of its motion, and through a great part of its te- 
coil; and Mr. Rebins has computed from experiments, that a 
piece ten feet long, carrying a twenty-four pounder, charged 
with fixteen pounds of powder, the bullet will be out of the 
piece before it bas recoiled half an inch. 
Q 2 XXI. 
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& ke or move the whole. 

XXXII. That part of a cannon next us when it ſtands ready 
to f1'*, is called by the artilicry people the breech or coyle ; the 
round knob at the end of it is called the caſcabel : from this 
end I ſhall here ſet down the ſeveral parts of a cannon. 


1. I he caſcabel. 

2. The caſcadel aftragal. 

2 tm he from ge * 

he breec breech mouldings, metal, 

Pehiad the touch- hole. 

5. The baſ- ring and reſiſtance. 

5. The vent and vent aſtragal, is the next corniſh or ring 
to the vent. 


4 The charging cyl 


4. The vacant cylinder. 

11. The dolphins. 

12- The trunnions ate two knobs of metal by which the 
cannon hangs in the carriage. 

13. The ſecond reinforced ring. 

14. The ſecond reinforced aſtragal. 

15. The chace. - 

18. The neck aſtragal. 

17. The neck and muzzle ring. 

18. The muzzle mouldings or freeze. 

19. The face cf the piece. 

20. The bore or hollow part. 

XXXIII. 1 any 
make cartridges, to the h 
1 powder -tubs, &c. t 
held : but proceed to the folution 
problems in practical gunnery. 


Paojsc- 
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PrnojECTIONS on the plane of the Horizon. 
PROPOSITION I. 


3 
To fine of 30% 31 or 1292 9.887586 


Therefore . A — 250 157 the angle of the lower ele- 
x 
And bie 444, the angle of the higher cle- 


PROP. IL. 
Given the greateſt random of any piece, to find what randam the 
RULE. 


As radius to the fine of double the given angle of elevation, 
ſo is the greateſt random to the random required. 


random is known to be 6840 feet, 
piece, 259 154 
n, pray what 


As 


A piece whoſe 
an 


GUNNERY. 


ing the di and the pi 
Ry ro nd + ov hes _ 
RULE. 
rr ory he I 
J. — _— f — greateſt amplitude, 
| mile diftant from — i 

Suppoſe 2 elevating 

Totes 64% 447 is 12 29/ its ſup. to 180® is 300 37 
As fine of 30% 3r' 


Is to radius 
So is 5820 feet (1 mile) 


To 6840 
Therefore 2 = 340 feet, the impetus required. 


PROP. IV. 


Given the angle at the lower elevation, and the objects diftancg 
from you, s find th altitude of projection 
RULE, 
As radius to the of the lower elevation, fo is a fourth 
part of the objedt's diflance, to the — 
Example. 


_ 
Fj {| 


of As 


* % 5 — 
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As radius | 10.00000 
To tangent of 253 15 9-67 360 
80 is 1320 feet 3-12057 
To 623 feet nearly, the alt. required 2.79417 


| PROP. V. 
Groen the altitude of projedtion, and the piace impetus, to find 
how far an obje#? is from you. 
RULE I. 
From the impetus ſubtract the ball's altitude, 
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PROP. VI. 


The diflance of an and the balls altitude gruen, ts 
Pty on fog — 


RULE. 
nen 7 © = paodradencd height, fo 
is radius to the tangent of higher] elevation. 


Exam. 
Suppoſe an object 2 mile diſtant from me, and the ball's 
altitude is 623 feet, what are the angles of elevation ? 


As 2640 feet 3-42160 
Is to 1246 feet 309551 
So is radius 10.00C00 


To tangent 25® 16' lower elevation 9 67 391 
And 64* 44/ is the higher direction 
PROP. VII. 


Gruen the elevation, together with its amplitude, 
RN I DIES. * * 


RULE. 


As the fine of twice the firſt elevation, is to its given am- 
r 


. — 
| 2700 et what diflance will te fa piece trow a dull, which 


Twice 30® 20/=60* 400, and twice 39 47 70 36'. 
As fine 60? 40 


To 2700 feet 
80 is fine 79* 36 


To 3046 feet the diſtance tequired 3.48367 


Example 


p. X. 
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Example 2. 
A cannon elevated at 45* threw a ball 6240 feet, how far 
will it throw the ſaid ball when elevated at 15% 


Sine of double 45? ' 10.c0000 
Is to 6840 8 

$o is fine of 30® double 15% 3562857 

| To 3420 feet 3-53402 


And vice verſe, to find one elevation, from two amylicades 
and a given elevation. 

If you know what diſtance a given charge of powder will 
efca, and would know what charge will be ſufficient to bit 


an object at any given diſtance, within your cannon's reach, 
without altering the elevation, obſerve the following 


PROP. VII. 
Th- charge of pewder, and the diflance of projettion made 
that charge, being known, to find what charge of powder 


lit an objec? at a known diſtance, any, A} ef > pt 
vatiau. 


RULE. 


As the diſtance i reſpeCtive charge of powder, 
Kr 


Example. 
Suppoſe pounder, charged with 14 pounds of — 
will throw bal 6840 feet, Che ed nf 
the ſaid piece be char a. Geo tines 
hit an object 8900 feet from you, without altering the piece's 


elevation? 
6840 : 14 :: 8900: 10 fe. required. 
N. B. This is only true when the is ſuppoſed to be 


in the ſubduplicate ratio of the quantity of powder which is 
not ſtrictly true. | 


PROP. IX. 
Given a pieces impetus, to find the velocity if the ball. 
RULE 
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RULE. 
ultiply the ſquare root of the impetus produdt 
ner 
impetus of a piece be 14000 
Y F 
err 


root of i . 
* 747 14000 is 118. 3 


the 
the 


of 


Multiply the number anſwering 
impetus by 8, gives the velocity 


to half the of the given 
e 


Given the picce's elevation and the |; ; 
huow bow lng time the balls gorng to ther hialte Rs 


RULE. 


As the radius is to the tangent of the pieceꝰs ; 
the given diſtance of the objed to the ſquare of four times the 
wering to it in the log 4 Id 
of which number is the time of flight in ſeconds. n 


Example. - 
At an elevation of 38 20” 1 hit an object 
.00000 


As radius 10 
To tangent 38 20 5080 
So is 7920 feet (1} mile) 273372 


To the ſquare of 4 times the N of ſeconds 3.7967 3 
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237 
Now half of is 1 the number anſweri 
to it is 79-14 L — ſeconds, the time of 


— g of bombs, the elevation of the mortar 
Ree wy: hoe of the ſquare root of 
the diſtance in feet, will give the number of ſeconds required. 


PROP, XL 
Given the elevation of a mortar 45*,' and the time of the bem's 
OE rr gegs 


RULE. 
6  SSDERY 


22 


Example. 
A mortar elevated at 45* threw a bomb into a town, and it 


was obſerved to be 16 ſeconds in its flight; what is the hori- 
zontal diſtance ? 


Feet 4117, or 8231 paces. 


PROP. Xu. 


Given the greateft randem af any piece of cannon, and its abſolute 
fon — A wb ws ce it will ftrike an objef, at 


the 
RULE. 


3 
diſtance to the ſine of double the 8 


Aad as radius is to the fine of the angle at the ſurſace of 


6 
Example, 


E xample. 

Admit a piece's greateſt random be go0o feet, and the abſo- 
lute force of the ball 6952 pounds, with what force will it 
ſtrike an object 6000 feet dittant from you, and whoſe ſurface 
leans backwards from the perpcnd.cular 36? ? 


As 9000 3-95424 
To radius 10.00000 
So is 6000 377815 
To fine 41% 48 9.82391 


0 

Whence . 20, 34, the elevation that the ben 
ſtrikes the plane of the horizon at, and conſequently the 
ſurface of the object at an angle of 74* 54, four go*%- 
36* + 20* 54'=74* 54 


To find the force. 
As radius Io. oo ooo 
To fine 74 54 9 98474 
So is 69526. 3-84210 


To 671216. the force required 3.82684 


PROP. XIII. 

Gruen a piece s greateſt random, and the requifite charge of pow- 

der, to find what charge of powder will ſuffice is jirike an alſect at 

right angles at @ given diſtance, whoje ſurface reclines any given 
number of degrees. nurn | 


As the fine of twice the angle of elevation, is to the given 
object's diſtance, fo is radius to twice the impetus, and as the 
ſquare root of twice the object's diſtance is to the ſquare root 
of twice the impetus now found, ſo is the given charge of pow- 
der to the charge required. 


Admit a cannon's greateſt random with a charge of 16 
pounds of powder was obſerved to be 3 miles, what charge 
will be ſufficient to firike an object at right angles, whoſe 
fut face reclines 369 at a mile and hell diſtance from the piece? 
It 


p. X.  GUNNERY. 


It is plain from the queſtion that the elevation muſt be 36% 
to ſtrike it at right angles. Then, 


As fine of 72® 9-97820 


Is to 14 mile feet 2 

So is radius 1 

To 8328 feet, double impetus | 3.92053 
5. 5. 


As Do: 8328 :: 16: 11.6 the charge. 
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Pzxojactrions on ASCENTS. 


__ PROP. uu. 
Given the perpendicular height of an objef?, ts find the borizontal 


To 74 
8 


To perp. height 696 


e.X. 
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PROP. XVI. ; 
———_ ; of the fois pom, an 6 plane of a 
* RULE. 


To the natural fine of the given aſcent add radius; 
ſay, as that ſum is to radius, ſo is the greateſt random on 
the plane of the horizon to the greateſt random required. 


R PROE. 


PROP, XVIL 
Given the pieces elevation and its horizontal random for that 
elevation, to find the random of a plane of a gruen aſcent. 


A cannon's horizontal random at an elevation of 530 & 
was found to be 5820 feet, what is her random at the 
7 plane whoſe aſcent is 
209 20 
From natural tangent 30 6 = — 3725 

Take natural tangent 10 20 0.18233 


The angle correſponding is 45 23 = 1.01365 diff. 


To 5014 the random required 

Corollary. may - ing the angle of obliquity of the plane, y 
have the elevation for the utmoſt random of any —＋ 
adding half the angle of obliquity to 45. 
PROP. XIX. 
Given a pieces random wen elevation, on the | 
Irre 
plane F a given aſcent. 8 


As the fine of twice the given random's elevation is to the 
1 fine of the other elevation, to 
horizontal random. 


N 


Then from the natural of the other given elevation, 
take the natural tangent of the plane's aſcent, and fee what 
angle anſwers to their difference, the ſum of theſe two taken 
from 180 leaves a third angle. | 

As fine of this third angle is to the horizontal random, fo 
is the fine anſwering to the difference to the random required. 


Example. | 

At an e'evation of 50 6 I obſerved a cannon's random on 

the plane of the horizon was 5820 feet; pray what is her 

random at 60® & elevation above the horizon, on a plane 
whoſe aſcent is 109 20? 


As twice fine of 50 6 9.99308 
Is to 5820 feet 3.76492 
So is twice the fine of 60 6/ 9.93665 


To5111 feet, the horizontal random 3.70849 


From natural tangent 609 o6'=1.7 3905 
Take natural tangent of 10 20 = .18233 


Remains . Fu 57 17 =1.55672 


112 27 its ſup. 2 67 37 
As fine 67 37 9 95598 


Is to 8171 37849 
do is fine 3717 9-92497 


| To 4650 feet, tht random required 3.66748 


PROP. XX. 

| Given the angle of direftion, and random on the plane of the 
har izon, to find how high a cannon can firike an object on a perpen- 
dicular, whoſe horizontal diſtance is alſo known. 

RULE. 
of direction is to radius, fo is 
15% K 
2 


r 
the random on the plane a 


To 4866 a fourth number 3-68720 
Then from 5820 take 5000, leaves $20, difference of the 
diſtances. 


And 4866 : 3000 :: 820 : 843 Feet „erg, the height 
required. 5 


PROP. XXI. | 
Given a pieces impetus, and the di ? 
r rh gh 


RULE. 
As radius is to the object's diſtance, ſo is the fine of the 
elevation, to the perpendicular height of the object; 
n twice the impetus take the objeR's height, and note the 
To and from this remainder add and ſubtract the objects 
diſtance, to find the ſum and difference. 
To the ithm of the ſum add the logarithm of the dif- 
ference, and find the number belonging to half this ſum. 
Add and ſubtract that number to and from twice the impe- 
tus, and you will have a greater and a leſs number, then ſay 
As the height of the object 
To the} — | number, 
8 
To tangent f *5 Þ clevation above the horizon. 


Example. 


The number to it is 79664 = 3-90126 half ſum] 


To twice the impetus = 21640 
Add and ſubtrat 79664 


Leſs number = 357 21 its log, = 3.56507 
As 1035 3-01494 
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PROP. XXII. 
Given the horizontal dijtance, and the perpendicular height of 
any object, to find the laft impetus, that can poſſibly reach that 


RULE. 


To the ſquare root of the ſum of the ſquares of the hori- 
zontal diſtance, and cbject's perpendicular acight. add the 
the object's perpendicular altitude; daf of this ſum is the 


impetus. 

Example. 
the perpendicular height of a caſtle was 690 feet, 
and the horizontal diſtance 5820 feet; required the Icaſt im- 
petus to reach the caſtle ? 


The ſquare of 5820 = 33872400 
The ſquare of 6g = 4761co 


The ſquare root of this ſum 3434850 is 5860 and 
_60+6co =P 
38 — — : = 3275, the impetus required. 


PROP. XXIII. 
The angle of elevation and the greateſt random of a piece bei 
gruen, to n 
an object, whoſe height above the piece s level is alſo known. 


RULE. 


As radius to the fine of double the given elevation, fo is 
— —— random, a 
the ſame elevation. 

And as radius is to the co-tangent of the elevation, fo is 
twice the perpendicuiar height of the object to a fourth number. 

From half the horizontal random take that fourth number, 
and note the remainder, then a mean proportional between 
the remainder and half the horizontal random, added to the 
ſame half random, gives the diſtance required. 


Example. 

Admit the greateſt random of a twenty-four pounder was 
11640 feet what diſtance may the ſame be planted to hit a 
. of the piece at the elevation 

42 


As 


As radius 10.00000 


Is to the fine of double elevation 84% 9.99761 
So is half the greateſt random 5820 3.76492 


To half horizontal random = 5788 3.76253 


As radius 10. co 

So Þ be te e beight = 624 273578 

To a fourth number = 693 2.84074 
From half the horizontal random = 5788 
Take the fourth number = 693 
Remainder —& 5095 

To find a mean proportional between the remainder 5095, 

and half the horizontal random 5788, proceed thus : 
i - 
2)7.46966 


The mean proportional is 3430 be- 
ing the number an\ wering to the log. 2 — 


To half the horizontal random = 5788 
Add the mean proportional = 5430 


—  — 


The ſum is the diftance required 11218 feet, or 
2244 paces nearly 


PROP. XXIV. 
Given a pieces elevation and the random it makes at that eleva- 
tion, on a plan: of a given aſcent, to find the direfiion to hit an 
object at a given diſtance, upon the horizon. | 


RULE. 

From the natural tangent of the given elevation, take the 
natural tangent of the plane's aſcent, and note what angle 
correſponds to this difference in the tables of the natural tan- 
gents, the angle laſt found added to the plane's aſcent, and 
the ſum taken from 180* leaves a third angle. 

R 4 Then 
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4. 7715 


To fine 45* 3 double the angle 


Or I 
Half uber is $20 487 
Or 67 1147 


Jess diretions required. 


PROP. 
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PROP. XXV. 
n above the level of the piece, to find the 
on of the piece to hit the object. 
RULE. 
As radius is to twice the impetus, fo is the tangent of the 
objeQ's elevation to a fourth number; add this fourth num- 
ber to the given horizontal diſtanee, and note the ſum. 
Then as twice the impetus is to the co- ſine of the objects 
elevation, ſo is the ſum to the co- ſine of an angle, which added 
to the angle between the zenith and object, gives the double 
of the complements of the elevation, to hit the object. 


Example. 

There is a caſtle whoſe horizontal diſtance is 6000 feet, 
which res 
piece, whoſe impetus was known to be 4500 feet, required 
the cannon's elevation to hit the caſtle ? "= " 

As radius 


249 


I0.00000 


To twice the impetus 9000 9542 
So is the tangent of 10% 2% ½ů.28888 


To a fourth number 164+ 


3-21510 


+ Then 6000+ 1641=7641 the ſum. 
As twice impetus 9000 3.95424 


Is to the co-ſine of 100 20 9.99289 
So is the ſum 7641 3-88315 


To co-fine of 339 22” 9.92180 


- 


20 = 79% 40. 


Remains 33 29 the lower 

| — elevation, 

Comp. elev. 56 3r conſequently the higher elevation 
— 656 500 to hit it. 

PROP. 


— —— — 


- 
— 
— > 
oy A 


PROP. XXVI. 


Given the horizontal randem at a known elevation, to the 
al ::7:10n of the ſame piece, when planted at a given height above 
the horizon, ſa that it may throw a ball to the greateſt dijlance poſ- 
five, without altering the charge of powder. 


RULE. 


1. Multiply the given hocizont?l diſtance in feet by 325 feet, 
divide this product by the natural fine of double the given 
— of elevation, the ſquare root of this quotient is the ve - 

uy. 

2. Multiply four times the height of the piece by 16,43, 
and to the product add the ſquare of th- velocity, then fay, 
ac the ſquare rootof this ſum is to the velocity, fo is radius to 
the tangent of the angle of elevation. 

3. As the ſine of double elevation of the given horizontal 
random is to radius, ſo is the given random to the greateſt 
required. ; 


Example. 

At an elevation of 30 with a given charge of powder, the 
random of a piece on tae plane of the horizon was 1500 yards, 
it is required te find the elevation of the fame piece when 
planted at 44 yzrds above the level of the horizon, fo that (the 
charge of powder continuing the fame) the bail may fall at 
the greateſt diſtance poſſible, on a horizontal plane, which is 


alto here required. 


yards feet 
iſt, 1500 x 34500 x 323 2 144750. 
nat. ſine 


And 86602) 1447500167 143-94 the ſquare of the velo- 
City, whoſe ſquare root is 408.83 teet, the velocity. 

2d, 132X4=528 & ibxi+=8492, and 167143 94 added 
to $492, the ium is 175635.94, whoſe ſquare root is 419.08. 

veloc. rad. 

Then as 419 08: 408: 83 :: 1 :: .97554 the natural 

tangent of 44* 18”, the elevation required. 
fine rad. 

31, As 60? : 1 ;: 1500 : 1730.05 the greateſt am- 

plitude. | 


PROP. 
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PROP. XVI. 


greatefl horizontal random of a cannon known, 
Phat — 2 DIED 
an a plane above the horizontal plane, whoſe height 1s alſo known. 


RULE. 


1. From the ſquare of the ſum of the greateſt horizontal 
random, and the plane's height above the plane of the hori- 
zon, .uke the ſquare of the plane's height above the plane of 
the horizon, the ſquare root of the remainder is the random 

ired. 
"% Then as the random now found, s > 65 cnntEnD glean, 
ſo is radius to the tangent of elevation. 


Example. 


A cannon planted on an eminence 200 feet above the ho- 
rizontal plane, whoſe greateſt andom on the horizon is known 
to be 6000 feet, it is required to find the greateſt random 
from that em nence, and the direction to reach it? 

Firſt, 6000+ 200=6200 the ſum, and 38440000 is the 
{quare of it, and 200 ſquared is 40000. 'Then, 


From 38440000 
Take 40000 
Remains 384000c0 whoſe ſquare root is 6196, the 
2. Then, 
As random found 6196 | 3-79211 
Is to the random given 6000 2.77815 
So is radius 10.00000 


To tangent 44* 55 the direction — 


PROP. XXVII. 


rg he dong here piece of artillery, 10 
4 1 without alterin 9 charge of 


find at what 
powder, it will abs to firide an chjalt on & plane of @ ginen afford. : 


RULE. 


Take the difference between one fourth of the given ran- 
dom and the C 


"I GUNNERY. P.X 


tween the given random and the aforeſaid difference, which 
add to half the given random, the ſum will be the ®.Rance 
uired. 


req 
Exomple. 
If the greateſt horizontal random of a piece be 1500 RY 
at what diſtance (ſuppoſing the charge of powder and eleva- 
tion to continue the ſame) willl it be able to ſtrike an object 
elevated 44 yards above the plane of the horizon ? 


4) 1 fo the greateſt random. 


375 2 fourth part of it. 
44 object's 


331 their difference. 
1500 multiply by the greateſt horizontal random. 


—ͤ—— —¾ 


1655 
33 


496500 whoſe ſquare root i the mean 
500 is 704-6 yards, 


pr 
Then halt of the utmoſt random is 750 yards, and 750+ 
704-6 yards, = 1454.6 yards, the required 


Or thus. 
aut . — = 
2)5-69591 
Anſwering to 704.6 | 284795 


Then 5 
750. 


1454 6 yards as before. 


PROP. XXIX. 


Given the angle of rn 


piece, the 832 Piece's elevation, equired the 
impetus to ob 
* RULE I. 


Find the natural co- ſine of the ſum of the angles which the 
line of direction makes with the object and zenith, and 
likewiſe the natural co ſine of their difference; and then, 


* 


* © 


piece is 10% 20, its horizontal di 
. the impetus when the elevation of the piece is 41 20 
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As difference of theſe co-fines 

To the co- ſine of the object's elevation, 1 
So is half the horizontal diſtance ' 
To the height of the perpendicular projection (or impetus.) 


Example. 
There is an object whoſe height above the level of the 
is 7920 feet, required 


From 41 20, (= 4 CAD, See fig. 7) take 10% 207 
(= & ) remains 31% (= 2 CAB.) Alfo from go? take 
41* 20 (CAD) leaves 48 40 (= 4 CAZ) which the 
line of direction makes with the zenith ZA; alſo the ſum 
of the angles is 79 40 (= 4CAZ+ 2 CAB) its coſine 
.17937, and the co-fine of their difference 17% 40'=-95283- 
The co-fine of the objea's elevation 10% 20” =.98 378. 


From .9528 

Take þ — 
Dif. cof. =.77 346 
As .77346 1.88843 
To .98378 1.99289 
So is 3960 3-59769 
To 5037 impetus 3-70215 

RULE II. 


To radius add the co-fine of the plane's elevation, the 
arith. com. of the co-fine of the piece's elevation, the arith. 
com. of the fine of the difference between the piece's eleva- 
tion and the object's, and the logarithm of a fourth part of 
the horizontal diſtance together, a tenth part of the tum is 


Example. 
There is an object whoſe height above the level of the 
piece is 10® 20, its horizontal diſtance is 7920 feet, required 
me impetus when the elevation of the piece is 41 20” ? 


the impetus required. 
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The difference between 41 200 and 10 207231 & its 
ſine is 9.71184. 
To _ > af 10.00000 
Add co-fine 10 
The arith. com. co-fine of 41 20 on 
The ar. co. fine (41* 20'—10* 20')= 319 16 


The log. of ——=1980 


To 5037 the impetus 


9 ©- 
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PROJECTIONS made on DESCENTS. 


PROP. XXX. 


Given the greateſt randem, on a plane of a given deſcent, 
fed the grenty rumdies an & plies of © ginus ion. 15 


RULE. | 
As the ſum of the radius and natural fine of the given 
aſcent, is to the difference between the radius and the na- 
tural fine of the given deſcent, ſo is the given random to the 
random required. 
Example. 


The random of a piece made on a plane whoſe 
deſcent was 10% is goco feet, what is her greateſt random 
on a plane which is 5 above the level of the piece? 

As 1.08715 : .82636 : : 8:00 : 6o8r, the random re- 


quired. 
Given the angle of obliquity, you have the ele- 


vation of the utmoſt random, by ſubtrating half that angle 
from 45 


PROP. XXXI. 
Given the gr horizontal random, to find the greateſt randem 
. 
RULE. 


As radius leſs the natural fine of the plane's deſcent is 
to radius, fo is the given horizontal random, to the random 
required. 


Example. 

If the greateſt horizontal random of a piece be 7960 feet, 
what is the greateſt random on a plane, which is 107 below 
the level of the piece ? 

From radius I 
Take natural fine 10% 0.174 
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RULE. 


The complement of half the angle included between the 
zenith and the deſcending plane to go“ is the elevation. 

Then as tangent of the elevation is to the tangent of the 
plane's deſcent, fo is the given greateſt random to a fourth 
number, which added to the given horizontal random, gives 
the random required. | 

Take the above Example. 

Then 90% + 10®=100®, the angle between the zenith 

and plane, half is 550%, its complement is 40® the elevation, 


As tangent 40? 9.92381 
Is to the tangent 10 9.24631 
So is 7960 3· 9009 f 
To 1673 3.22341 
Then to 1673 
Add 7960 


Sum 9633, the random as above, nearly. 


PROP. XXXII. 
Given the greateſt random on a plane of a given deſcent, to find 
poten ne Se RIS 


| RULE. 
As radius is to the difterence between the radius and 
natural fine of the plane's deſcent, ſo is the given greateſt 


random, to the greateſt random on the plane of the horizon 


required. 
Zrample. 
If the greateſt random of a piece on a plane whoſe de- 
ſcent is 10”, is 9634 feet, to find the greateſt horizontal 
random ? 
As 1 : .8263 : : 9634 : 7960 feet, the greateſt random 
on the plane of the horizon. 


Or thus: _ 
To log. .8263 1.91713 
Add log. 9634 3.98 380 


Sum 7950 3-983 
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PROP. XXII. 


Given the di deſcent, and 
DNN 


RULE 


As radius is to the given diſtance, fo is the fine of the ob- 
jeck's angle of to a fourth number, to which add 
twier the impetus, and note that ſum ; then as the 
diſtance is to that ſum, ſo is he fourth number to a fifth num » 
ber ; from the s given diſtance take the fifth number, 
od coded Os lomes. 

Then as the impetus is to the half difference, ſo is radius 
to the fine of an angle, half the ſum of the angje = 
and the objeA's depreſſion taken from go® gives the 
elevation, 11 97 — 


Example. 
What direction SS 


diſtance 2 * a plane whote depreſſion is 6, and 
* — 


10.00000 
Is to 7400 8692 
80 1s the fine of 69 — 
To 774 2 fourth number 2.88846 


Then (3980 x 2=) 7960+ 774=87 34, the ſum. 
As 7400 : 8734 : : 774 : 913, 4 fiſth number. 


And , = the half difference. 


Is to half difference 3249 11 
So is radius — 
To fine 549 44 2767 
£49 "+62? 
Then go— E 599 387, the higher elevation. 
@ ,,4__60 
And IE =24* 22, the lower elevation. 


S PROP. 
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PROP. XXXIV. 


— random made at @ Inewn elevation on a plane of 
@ given diſcent, to find the piace s direttion to hit an abject at a 
knywn hortzontal dijtance. | 


RULE. 


To the natural tangent of the given elevation add the 
natural tingent of the plane's deſcent, and fee what an- 
le anſwers to that fum, from which take the plane's de- 
| cha the remainder is a jecond angle, the fum of the plane's 
cent and ſecond angie, taken from 180 leaves a third 
angie. 
. ſine of the third angle is to the fine of the ſecond an- 
le, fo is the deſcent random to a fourth number , 2s the 
* number is to the horizontal difta.ice, fo is the fine of 
twice the given elevation to the fine of double the elevation 


Example. 

There is a plane whoſe defcent is 10% and the random 
of a piece made on that plane, at an elevation of 42®, was 
7200 feet; it is required to find the direction of the ſame 
piece, to hit a battery on the plane of the horizon that is 
5880 ſeet from you? 


To natural tangent of 42 =.90040 
Add natural tangent of 10% g. 17632 


— — — 


The angle anſwering is z 47 6 1.07672 


From 47 & From 180 
take 10 © take 47 67 

Second 4 37 6 132 54 third . 
As fine 132* 54 9.86483 
Is to 37 6 978046 
80 1s 7200 3-85733 


To 5928 a fourth number 2377296 
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As ggas 3 77296 
Is to 5880 3-769 

| 80 is line (42* x +=) $4* 9.99761 
To 80* 31” 9-99402 


RULE. 

As radius is to the fine of the plane's deſcent, ſo is the 
object's diſtance to a fourth number ; half the difference 
between the object's diitance and the fourth number, is the 

Suppoſe the greateſt impetus of a twenty-four pounder be 
6000 feet, it is required to find the leaſt impetus to hit an 
object whoſe diſtauce is 46co feet on a plane 14 52” below 
the level of the piece ? 


As radius | 1.00009 
Is to the fine of 14 52 9.40920 
So is 4600 3.66275 
To 1180 a fourth number 3 07195 


Then £2202=1710 the leaſt impetus, 


PROP. XXXVI. 


placed on whoſe height 


| @ piece, @ plane 
| above the horizon is alſo gruen, to find the elevation to hit an ab- 
| hy 75 


RULE. 7 
As the objeA's height above the horizon, is to the hori- 


_ zontal diſtance, fo is radius to the tangent of double the 


angle of clevation, balf whereof i the elevation required. 
2 
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Example. 


* the impetus of a twenty-four 72 be 6009 
feet, planted on a rampart 410 _ the plane 
of the horizon, 1er elevation of the 
x Ahrens ems horizontal diſtance is 5200 
As 410 2.61278 
Is to 5200 71600 
So is radius Thos 
To tangent of 85* 29 


I1.10322 


3 


Then — 44x” the elevation required. 


PROP. XXXVIL. 
Given the greateſt random in feet of any piece of artillery, to 
* the L. 1 
RULE. 
Half the ſquare root of one fourth of the greateſt random 
in feet, is equal to the time of flight in ſeconds. 
Example. 
Suppoſe the greateſt random of a twenty · ſour pounder be 
15000 feet, to find the time of the b-Il's flight, in reaching 
the objed 3 
Firſt, a fourth part of 15000 is=3750. 
And the ſquare root of 37 50 61. 


Therefore = = zog ſeconds, the time required. 


PROP. XXXVII. 


Given the impetus, elevation, and the eievation of the al- 
ow ol ingot play hte to find — 


RULE. 


| Take the odject's elevation from the piece's elevation, and 
note the difference, and take half the ſquare root of the given 
impetus in feet; then ſay, as the co fine of the obje&'s 


There is a plane ſtanding 12* 30” above the level of my 
piece, on which is ſituated a caftle, I want to adjuſt a fuſe 
for a bomb to ftrike the caſtle, when the impetus of the 
piece is 4900 feet, and the elevation is 44% 30, required 
the time of flight ? 

From the piece's elevation 44* 30” 
Take the object's elevation 12 30 


The difference is 


The ſquare root of 
As co-fine 120 


| Is to 35 
So is the fine of 325 


To 19 ſeconds 


The foregoing problems ſeem to be the moſt material that 
can occur in the firing of artillery; and by what is already 
done, may other problems be anſwered that ſhould happen 
in practice, for hitting objects, whether on a level ſurface, 
or placed above or below the level of the piece. 

When any object is to be bombarded on a horizontal 
plane, engineers generally elevate the piece to 45", and then 
increaſe or diminiſh the charge of powder, till the object 
aimed at can be hit; and by this method of proceeding 
much powder is ſaved; for at 45 elevation the vel:city is 
leſs, and conſequently requires a lefs charge of powder for 
a horizontal random, than at any other eievation; if the 
. piece be levelled below 45%, and the bomb does not fall 

to the diſſ ance required, the piece muſt be raiſed a little, 
but if the bomb falls beyond the object aimed at, it muſt then 
be lowered a little, and by theſe trials the proper elevation 


d may eaſily be acquired. When you have found the proper 
* elevation, then fix it in that direction, and you will throw 
3 very near the object: I fay very near, for there often happen 
* cu cumſtances, which alter the flight of the bomb, becauſe 


8 3 it 


Fig. it is ſome difficulty to charge a mortar in a hurry, exactly 
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in the ſame manner, ſo as to make it correſpond with ſtrict 


ma hematical rules. | 

When any buildings are to be bombarded, it is better 
to elevate the piece above 45 degrees, than under it, for 
then the bomb riſes to a greater height, and conſequently 
falls with the force, and will do more damage; and 
the greater the charge the better they ſucceed ; but more than 
— to burſt the bomb, cannot produce any advantage 
ous em ct. 

But when it is required to throw bombs amongſt a 
of men, level the bomb below 45 degrees, for then the bomb 
will have lefs force, aud will not go fo far into the ground, 
and the fplinters occaſioned by its explofion will do more 
execution; but increating or lefk: ning the charge of pow- 
der is better, and then you will have no need to alter the 
elevation 

The great: diſtarce to which a bomb of five or fix hun- 
dred weight can be thrown with the ſtrongeſt charge, is be- 
tween two or three miles. 


THE problems propoſed in the foregoing pages being 
folved in a practical manner, without ſhewing the inveſti- 

tion of their ſeveral rules from the — thought to 
he added no more, but to pleaſe i me pait of my re 
who deſire to ſee into the theory of projeciites, I ſhall here 
inſert from the Harmonia Menjurarum of the celebrated Mr. 
Cotes, an Engithh tranſlation of what he has delivered at page 
87, concerning the motion of projectiles in a non-refilting 


. 


THEOREM. 


The curve deſcribed ly the motian of a body prajected obliquely is 
@ par abola, and the velocity of a projettile in any point of the pa- 
rabaia is ſuch, as @ body acquires in falling dawn the frurth part 
of the parumeter belonging te that pornt taken from the vertex. 


Suppoſe the proj tile be thrown from A to E. that is, 
let A E be the line of direction, and AC D be the curve 
deſcribed : jet AE be the ſpace which the projectile would 
deſcribe in any given time, by means of the force impreſſed, 
ſuppoſing it had no motion downward from the force ot gra- 
vity. And let AB be the ſpace through which it would de- 
ſcend from A towards the center of the earth in the fame 

: time. 
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time. By completing the parallelogram E A BC, it wilt 70. 
eaſily appear that the projectile by the compoſition of motion 3 
at the end of the given time will be found in the point C. 
But AE is as the time in which it is deſcribed, conſequently 
At* or BU'* is as the ſquar* of the time (by Th. 2. deſcent 
of heavy bodies) therefore A. or BU) is as A B, where- 
fore the points © of the curve deſcribed through which the 
projectile moves are in the parabola, _ whoſe diameter is 


BO Ae” 

AB EC | 
The velocity of a prajectile in any point A is ſuch as 

would carry it from A to E in the ſame time that a body 

would deſcend from E to 


C, and the velocity acquired by 
this deſcent from E to C, is to that velocity whereby the 
length A E would. be defcrived in the fame time as E C to 
2 A E (by Theo. 1. deſcent of heavy bodics) ; wherefore the 
velocity acquired in falling from E to C, is to thy velocity 
acquired in faliing down the fourth part of the parameter, 
namely ec, in the ſubduplicate ratio of the length EC to 


2 
to the lengeh LN (by Theo. 2. deſc. bodies) that is, as 
3 
the ſquare root of EC to the ſquare root of -———» which 
ſquare roots are to one another as E C to ZAE, wherefore 
the velocity of a projectile in the point A, is ſuch as a body 
would acquire in falling through a fourth part of the para- 
meter belonging to the vertex A. 2. E. D. 

Corollary 1. If a projectile be tkrown according to the di- 
rection A E, and the parameter of the parabola which a 
projeRile deſcribes belonging to the vertex A be equa} to 
= this parabola will paſs the poin: C. 

Corallary 2. In the fame or different parabolas, the para- 
meters belonging to as many vertices, arc to one another in 
the duplicate ratio of the velocities, wherewitn projectiles 
are carried in thoſe vertices (by I he. 2. deſc. bodies.) 

Coroliary 3. Wherefore in any parabolas = hatſocver, if 
the impetus's are equ?}, or the motion of the fame prejeGile, 
or equal velocities of different projectiles, the n 

| 84 | will 
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Fi6. ill always be equal, and vice verſa, howſoever different the 
3- direction of the motion ſhali be in thoſe places. 


PROBLEM. 
Given the velocity wherewith a prejectile is thrown any 
i . to find the direction ta 
mark, 


The velocity being given there will be given the 
ter of the parabola which the projectile deicribes. For it is 
manifeſt by the above theorem, ff a body deicends fo far 
whilſt its given velocity in falling be acquired, the height 
by this deſcent will be equal to a fourth part of the pa- 
rameter. 
Let C be the mark ſituated in tie given right line AC, at 
4+ A, the place from whence the projectile is to be throws, 
ere ct A P perpendicular to the horizon, and equal to the pa- 
rame / er found at the point A, (for the parameter is given, 
firc- the velocity wherewith the projectile is caſt from: the 
int As 


given ; for it is equal to four times the height 


from which a body muſt fall in order to acquire that height.) 
Le: AP be biſected by the l.ne K H, cutting it perpendicu- 
larly in G, at A eret A K perpendicular to AC, and con- 
tinue it till it meets in K, from K as a center, and with the 
diftance K A, deſcribe the circle AHP. Laſtiy, let the 
right line BCE i be drawn perpendicular to the hor:zonral 
line AB, fo as to paſs through the mark C, and if poffidle 


For if P E, PI be joined by reaſon of the fimilar triangles 

PAE, AEC, PA will be equal to e for PA:AE:: 
C. 

AE EC, and PAR ECS AEN AE, therefore PA 


AT 


= FC. Likewiſe by reaſon of the fimilar triangles P Al, 


d 
AIC, PA will be equal to, for PA: AI:: Al: Ic, 


wherefore, fince PA is equal to the parameter at the point 
| 2e 
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dent by Corollary 1. of the above Theorem, that this para- FIG 
bola will rafs through the mark C. 4 
Corollary 1. It is manifeſt that the right line AH biſects 
the angie CAP, which mcaſures tie vifivle diſtance between 
the mark and the zenith. 

Corol/ary 2. When the points E., I, coincide in H, or the 
two directions AE, Al coincide in one line AH, then AC 
the diſtance of the mark becomes A K. a maximum, that is 
the greateſt diſtance or random that can be paſſed through 
with that given vejocity. 

Corollary 3. Any two directions AE, Al either of 
whieh may be made to the fame mark, are equally diſtant 
from the direction A H, that is, the angles EAR, IA H 
arc <qual. 

Corollary 4. The horizontal diſtance of the mark A C or 
AB, is as the fine of Jouble the angle of elevation E AC 
or TAC For if the right line C & I meet the right line 
G Hin F; AC or GF will be equal to the fine of the 
arc AE or Al, which meaſures double the angle E AC or 
I AC. 

Corollary 5. But A » the greateſt diftance of the mark 
fituated in the horizontal line A 8 is cqual to A half of 
the parameter, and confequently is given, and this mark x 
may be mt, when H A z the angle of cicvartion, is half a right 
one, or 45 degrees, 

Czrillary 6. If a projectile be thrown according to the di- 
rection of AE, the altitude of the h'gheſt point of the para- 
bola which the projectile defcribes above the horizon, will be 
equ il to EC. For if AC be biſect-d at F. and © R be 
drawn parallel to CE, cut ing AE in R; AC will be an 
ordinate to T R, the axis of the parabola, which its principal 
vertex will divide into two cqual parts in V; wherefore the 
al- itude T V is equal to x FR or HCE; but when CE is the 
verſed ſine of the arch A E, or of double the angle CAE, 
it is manifeſt that T V, the altitude of the projectile, is the 

\ verſed fine of double the angle of elevation. 
Curollary 7. But the greateit altitude of a projectile thrown 
b according to the direction AP, perpendicular to the hori- 
20n, will be equal to £ of the parameter AP, and conſe- 
quently is given; for in this caſe AE, E C, coincide with 
the perpendicular direction AP, the alticude I V, or ZE ©, 
will now become AP. 
Coreliary 8. Tae time wherein a proi- ile, thrown ac- 
cording to the direction A E, will de carried from A to C, 
13 


7 „ 


266 GUNNER Y. P. X. 


Fic. is as the chord AE or as E, that is, as the fine of the an- 
5. gle of the elevation E AT. 


W: 8 — 


—— — — — — — — oO n 
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Carollory 9. But the greateſt time when the project le is 
thrown accerding to the dire ion AP, which is perpcndi- 
cular to the horizon, is the ſame as a body will de cend fr m 
P to A, through the whole parameter, and contequent y is 
given. For in this caſe the projectile aſcends in a right hne 
to the altitude ZAP, that is, will riſe to # fourth part of the 
parameter, and then deſcends from the tame alutude ; and 
the times of aſcent and deſcent taken together, make twice 
the time of the deſcent alone. 

Since the writing of the above, Mr. Emerſor's Principles of 
Mechanics came to hand, where | find at page 33 to page 37, 
he has elegantly treated the ubject of project:les, and ſeems 
to have ren:;ered that ſubject qui e complete, by adding a new 
propoſition to the ober, from which he d- duces two general 
ſcholia, wh'ch anſwer all th. uſual queſtions in the doctrine 
of projeQiles ; all the foregoing problems I compared with 
his ſcholia, and the anſwe s exactly agreed, though quite 
different in the method of tolution. 

The firſt ſcholium is deduced from his general propofition 
of hor iz.antal d:/tances of projettions, made with any velocities, and 
at any elevations; where, tor brevity's ſake, he puts 


vr velicity of the projettile, meaſured by the ſpace it paſſes thro' 
in time J. 
6. — of a body by gravity in the ſame time. 
k = AE, the horizontal arſtance, or 


J= 


c ca- ſine 5 of the elevation VA E. 


* of the perpendicular projection with the velicity v. 

c 
a= altitude of projection. 
t time of flight. 


ralins = 1, 


SCHOLIUM. 


Then hz , whence 
af 


vu wo 
— wats Ant Y is 22. 
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ee VE ng LY ney? 
* 


Here follow ſome examples ſhe wing the uſe of the forego- 
3— 

Given the greateſt random = 6840 feet, required the 
piece's elevation to hit an object a mile off ? 


Here ©2= 3420=h, and x=5280 feet. 


x 

Then A =-77193=50* 37, double the elevation, 
half is=25* 152", elevation required. Or 2 = 77193 
=A, the fine of double the elevation as above. See Prob. I. 


Now by having the angle of direction given, have @ 
the altitude . * 


For @ = ub by the ſcholium = 623, nearly. 


Example 2. 
Given the greateſt random of a cannon=6840 ſeet to find 
what — ſaid piece makes at an elevation of 
25" 152 


Here 
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Here h=3420; A ſine 50% 31'=.9718 twice the eleva- 


vation ; x=random requir 


Then x=2Ab=5280 feet. See Preb. I. 


Example 3. 
Given the diſtance of an — a mile 5280 feet, and 
the piece's elevation 64 447 ; to find the gieateſt random, 
and conſequently the perpendicular ſhot ? 


Here z=5280, A=129® 29'=.77193 twice the eleva- 
tion. 


Then 2h=— =6840 feet, the greateſt random. And = 
3420. See Prob, III. 


Example 4. 
Given the altitude of projection 23 feet, and the per 
pendicular proj = 3420 feet, to * the 3 


diftance ? 
Here = 3420, 4=623, x=diſtance required. 


Then ub ga, and 5=\ / —=.4267 the fine of 25" 154 the 
elevation. 

Now put A=fine of twice the elevation=50®' 31“; then 
2Ab=x= 5280 ſcet, the diltance from the object. Sce Prob. V. 


Example 5. 
Given the greateſt random of a piece=28cco feet, to find 
the bail's velucity ? 
Here H= 14000, f=16 feet the deſcent of a heavy body in 
the firſt ſecond. 


Then v=2% jh=946.-4 velocity. See Prob. IX. 


| Exambple 6. 
Given the piece's elevation 38 20", and ohject's diſtance 
= 792c feet, required the time of the ball's flight ? 
© Firſt fine 389 20'= .62023 


Co- fine 78441 
And x=7920, f=16 teet. 
Then 223 


And 1 ul ſeconds. See Prob, X. 


PROP. 


P. X. 
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PROP. XXXIX. 


Let a ball be projefted at an angle of 32 degrees elevation abwe 
the horizon, and let its horizontal diſtancr be 2400 yards ; it is 
required to determine the greateſt altitude — —/ ns the per- 
pendicular prejection, time of flight, and velaci ty 


Here — nat. ſine 
84 


= $4804 co-finc þ of 32* elevation. 
F= 16k feet. 
X= 2400 yards, 


Then b==—=1335 15 yards the perpendicular ſhot. 
sh = 374-91 yards the altitude of projection. 
v=2V fh=293 06 yards in a ſecond, the velocity. 


It will be needleſs to proceed any farther, theſe examples 
being abundantly ſufficient to ſhew the uſe of this general 
ſcholium. 


| ſhall here ſubjoin a table of theorems for proj on 
the plane of the horizon. 
Furſt, put D for the angle of direction. 

b=tangent of the direction. 

vr velocity. 

16 f feet. 

x horizontal diſtance. | 

h= perpendicular projection. 

a=altitude of projection. 

t time of flight. 

— ele vation. 
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4A TaBLt for horizontal Projettions. 
Caſes Iwwer Required | Theorem. 
4 = 
1 D. 5, , u, A | 
. 
N 
3 „ „, 
| | 
We | 
4 „%, „t 
| 
1 | 2 4. C237 
| "SEES. -...... - 
| oz. a 
— 3 — 
| | — pu 
6 lh | b=a+— 
| 7 
E Ges — 


A TaBLE 
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II of horizontal Projettions continued. ro. 
Caſes [Criven]itequired, * Theorems, IF 


* 
W 


| NT 


7 [D, ax, 5, . | h=a+=— 


. — 


The other ſcholium is deduced from his general propo- 
fition of the diflances : projer!tons made an inclined planes. 

Where AB denates ine inclined plane, 7. 

AC the direction of the projectile, 

AZ the zenith line, 

v Y uelacity of the projetile in A, meaſured by the ſpace it di- 
ſcribes in the time 1. ; 

2 1 deſcending ody in the ſame time. 

r fine AB. 

c ſine 756 radius = I. 

z=/meof ZAB. 

x=AB the oblique diftance or randem. 

b=baght of the perpendicular prejectiun. 


SCHOL1UM. 
Per pendicular projection b==: Whence 
Length of the een == 


a. 
ZZ * 


Height 


PROP. XL. 


Given the utmaſi horizonta/ random to find the greateſt random of 
the jame piece, on @ plane of a given aſcent. 


Example. 


lr be 7980 
feet, to find the greaieſt random of the faid piece, upon that 
plane which is 80 40” above the level of the piece ? 

From Z AD qo“ co 

Take BAD= 8 40 


— — — 


£LAB= 81 20 


Since the greateſt projection upon an inclined plane, is 
when the line of direction biſects the angle between the plane 

and the zenith, viz. CZ Ah, ſce page 176. of Mr. Emerſon's 
Fluxions: therefore 4 ZAC =4CAB=40* 40. Then by 
the ſcholium 

s=fine ; CAB=409? 4c'=.65165 

e=fne 4CAZ=40 40 = 65165 

z=fine . ZAB=8: 20 2 98858 


2 
And a=E2=6939 feet, the random required. 


G:ven 


* 1 „ — 


ject's diftance be 7000 feet, on a 


PROP. XIL 


Given the diſtance of an chjef? upon a plane of a given eleva- 
and the perpendicular projettion, the elevation 
Ee — 


70 


Example. 
A 
above the horizontal level, to find the angle of direction to 
hit that object? 

From 90 o&'= 2 ZAD 
Take 8 30 BAD 


8x 30 ZAB 


s=ſfine CAB 
cine . CAZ 


z=fine ZAB S= 81 307 =. 9890, the ſum of 
Cap caz., © * „ 


Therefore uf =.294114 the produft of the fines of 


the angles CAB, CAZ. Then by Prop. 4. Trigenometry» 
the angles are found to be 70* 337, and 27% 57', the eleva- 
tion required. See Prob. 21. 


PROP. XLIL 


Given the utmoſt random on an aſcending plane, to find the i 
- pus, height . fghtcand hey. 


Example. 


the of the projection aſcending 
aue the — 2 utmoſt —— comm 282 
projection, time of 


of ge, ad way, ee 


Here 


is 6840 
the heig 
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Fis. 


7 


3 ZAC=EAB, therefore 


r. beight of the projection. 


"Pg = >the time of flight 


As IL have been very particular in ill 


uſtrating the foregoing 


problems in numbers, I ſhall not inſiſt any more on this, ic 


being ſo eaſy to be underſtood. 


Notwithſtanding what has already been advanced on this 
ſubject, the knowing the true diſtance that any piece will 
— « bullet at all times, is a matter ſubject to many uncer- 
tainties, ſince there is ſuch a variety in the trueneſs of the 
bore, 1 directiog the piece, the nature of 
N 3 „ and the reſiſtance of the air, which 

a reſiſting medium, renders the curve of the ſhot 
—*..— Sha than parabola ; and if any perſon conſi- 
ders the curve as ſuc h. as is laid down in the Principia of the 
illuſtrous Sir Jſaac Newton, fo as to apply it to practice, 
would, in my opinion, take upon him a very hard taſk; for 
it is one of the meſt dific»1t problems in all the doctrine of 
fluxi--15, to ſhew how far a projectile deviates from a para- 
bolic rack, by the refiſtance of rhe air ; for the principles and 
calculations made uſe of on this occaſion, will in no wif: be 
fitting to the experience and underſtanding of learners ; and 
— — it can be of no manner of uſe in the 
art of gunnery, becauſe it can be reduced to no rules. | 

The following tables are computed from Sir 
ton's principles, nd applied to the motion of proj 47 
Bernoulli, Ee — 
&c. of the Com. Acad Petrop. I thought (ſays he) no ſmall 
profit would occur to theſe ſpeculations, if I reduced to a 
calculation ſome of the experiments made by the excellent 
M. Caunther before ſome academicians, whence it will appear 
waat :} ipendous effects the air has upon bodies of near 


thouſand times its ſpecific gravity, And from hence the 
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forces of gunpowder may be exactly compared among them- 
ſelves ; and many other uſeful things deduced. There were 
abundance of experiments made of divers kinds, among which 

I hall pick out thoſe that can be ſerviceable in this affair ; 

ſuch as thoſe made with guns exactly placed in the perpen- 

dicular, and obſerving the quantity of powder, and the time 

of the globe's aſcending and defcending. The diameter of 
the ball was 234 hundred parts of an Exgliſb foot, and made 

of iron; its ſpeciſic gravity to that of air, as 7650 to 1, ſup- 

poſing the air all of the ſame denſity; the length of the bore 

was 7.7 feet, whence the following experiments were made. 


| | Height to | Lime of . 
* | whick the ing and fall- 
of gun- | Whole Height of Time of | Time of |zlobe woulc!:ng in vacuo, 


powder in| time of the globe aſcent in eſcent in| aicend in | when pro- 
ounces | aſcent & in teſiſt- reſiſting | 1efifii vacuo with irfed with 


Holland. | deſcent. | ing air. air. air, the Game | the fame 
| | ore. | torce. | 
LEE | 486 | 50 EA 541 11.6 


11 
2 | 34 4350 {14-37 %. 30% | $8 


WW | 45 | 7819 | 16.84 28.16 | 58-50 i21 | 


The following experiments were made with a gun juſt fix 
feet the length of the bure, and with the fame globe. 


— 


| | 
| | Number kieicht 9 | Height in 
o! ſeconds} which | T'me o Time of ſſert that th Time of rifing 
Ounces chat the the giob-taicent in fdefcent ingiobe wourd und falling n 
of pow- globe | afrendec |! econds | ſeconds atcend with vs cuo, with! 
der. 7 in | n feet by dy cen by calcu the fame |fame force in 
; , . 


the ir | ca'cula | lation. |} lation. force in va-| fſecunds. 


Th == 
+ | 8| 257 ['395|405| 274] 82 | 

2 | 20.5 | 1665 . 10.76 2404 245 
D 
—— | —— 


| 
6 | 32-5 | 4304 13.9186 11810 | $54.3 | 


— — 


| 38 5643554 She | 22394 74 | 
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Both theſe tables were exactly calculated; we ſhal} j 
deduce ſome of the principal con ſectaries therefrom. he 
greateſt time of aſcent was 1060.84, and in the next, the 
greateſt time of aſcent was 157.54, the difference is only 

1. , and yet the difference of heights to which the 
would aſcend in the reſiſting air is not to be „ as 
amounting to 2176 feet; from this alone it is plain to any 
body, that there is a certain time which the globe, though 
aſcending ever fo high, can never exceed; and the greateſt 
time for the aſcent in our globe is =19".27, whence is con- 
fit med the following 


THEOREM. 

The time of aſcent and deſcent taken together, is greater in vacuo 
than iu pleno, the initial velocities being the ſame in both; litetui ſe 
it may be infinite in bath caſes, but yet mfinitely greater in vacuo 
than in pleno. 

That the time of aſcent and deſcent of a globe projected 
upwards with an infinite force in an uniform reſiſting medium, 
15 iufinitely leſs than when projected upwards with the ſame 
force_in vacuo, though the forces of gravity be the ſame. 

Suppolirg the forces of exploſion, or the irft velocities to 
be equal — infinite, then will alſo the height to which the 
globe will ariſe in vaczo, be infinitely greater than the height 
it can ariſe to in a reſiſting medium; and yet both of them 
is here infinite. 

Theſe aſſertions have been partly demonſtrated already in 
the preceding paragraph; but it is worth notice, that the air 
which we ſuppoſed 7650 times lighter than iron, fhould ex- 
ert fo great a refiſtance upon an iron ball, that only ſtaving 
45” in the air, it ſhould deiiroy 7 of the height of its aſcent 
by that force. 

From the foregoing tables we may alſo gather ſome things 
concerning the iorce of gunpowder. Here the forces im- 
preffe4 upon balls are as the heights to which the globes 
would aſcend in vacuo. In the firſt table we find theſe heights 
to be as 13694 to 541, or nearly as 26 to 1; when the quan- 
titics of powder wiese as 4 tor. Whence it appears, that the 
ftrenzth of powder in vrivins a bail, increaſes tar faſter than 
in proportion to the weight of tze poder; and I can fee no 
other reaſon for it ihan this, that a great part of the inflamed 
powder flies through the touch- hole, and between the ball 
and the barrel; and that this uſeleſs part of the powder is in a 
far leſs ratio, When a gicat deal is fucd, thau when only a - 

Go 
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tle. But this may be collected from experiments ; conſider- 
ing the powder as air exceedingly condenſed, that is, that 
force of air very much condenſed increaſes in a much 
ratio than the denfity ; for by calculation I found, air 
500 times denſer than in its natural ſtate, was at leaſt 6000 
I ſhall here annex ſome other experiments made with a 
mortar. 
The diameter of the mortar=1.05 feet Engliſh. 
diameter of the ball =. of feet. 
weight of the ball = 200 pounds Holand. 


Quaatity of powd IE 8: mY | 
Dead Hd || |2| 3 [+|5|5 
| globe Maid in the air. | 3 | 7-5| 12 | 16.5| 20 | 23] 25] 


—— 


Thus far D. Bernoulli ; as he never meddles with projec- 


tiles, I thought his memoir but of ſmall ſetvice here, becauſe 


it is only upon perpendicular ſhots ; but I thought his tables 
of experiments might be of ſome ſervice. 

I ſhall here obſerve this is the only perſon, Mr Robins ſays 
at page 51 of his preface, that has conſidered the actions of 
the air on military projectiſes, founded on Newton's doc- 
trine, but I can fee very little in Bernouilis memoir worth 
reading. Fur inthe ßſt part he lays Cown ſeveral hypothe- 
ſes concerning the preſſure of fluids, and by fome exper:ments 
he fays, he comes at laſt to this, that the preſſure of any co- 
lumn of a fluid is juſt equal to the weight of it; at the end 
be calculates the reſiſtance of a curve or 'olid in a fluid, in a 


"2 
curve he ſays it is Fl. and in a folid, that the refiſtance 


| bs* 
2 9 
is to the teſiſtat ce of the baſe as the fluent of 2 to = 
according to our way of notation : but the whole memoir is 
wrote in the differential method, in an unintelligible manner. 
Now all this firſt part is elegant!y calculated at page 254 of 
Mr. Emer/on's Fluxins But Bernoulli abſurdiy calls teliſt- 
ance by the name of preſſure. 
In the ſecond part he ſpends a deal of time in finding the 
greateſt velocity a deſcening globe can acquire in a fluid, and 
comes to the ſame conclution as Sir {aac Newt:n, Cor. 2. 
Prob. 38. B. II. Then afterwards he proprics to find the 
reſſtance of ſhips in b ater, in the finding of which he 
| takes 


— 
2 —— —— 


The whole n of the P ane fenced parte, andy > 
find the motion of bodies aſcending and deſcending in a fluid ; 
and this has been done by a great many people, eſpecially at 
page 288 of Emerſon's Fluxions, in a more elegant, ſhorter, and 
plainer method; I can fee no uſe any part of this can be of in 
the art of gunnery, for no body ever ſhoots perpendicular with 
great guns. = | 
Mr. Robins's book, or New Prixciples of Gunnery, is a very 
good thing, and the experiments ſrem to be made with great 
care ; but Bernoulli differs from him in ſeveral things, for he 
makes the reſiſtance as the ſquare of the velocity, but Mr. 
Robins makes it more. Bernoulli alſo favs, that the force of 
powder (condenſed as air condenſes) increaſes in a far greater 
ratio than the denſity ; but Mr. Robins ſays, page 7, that its 
force is as its denſity. Thus have I given a ſhort account of 
this memoir of Bernouili's. 

Having a little ſpare room, I thall inſort here a problem 
with its ſolution, for the entertainment of my readers, to de- 
termine the velocity of 2 bullet, though of no materia] uſe at 
all in the art of gunnery. 


PROBLEM XXXVIII. 

Given the dimenſions of any piece of artillery, the denſity of its 
ball, and the quantity of its cha- ge, to determine the velectty which 
the ball wiil acquire from the eæhloſiun. ſuppoſing the elgfticity , 11.8 
powder at the firft inſlant of its firing to le given 


SOLUTION. 
It has been proved by Mr. Ralins, that the quantity of the 
exerted by gunpowder at the moment of its expio- 
fron, has an elaſticity 999, or in round numbers 1c00 times 
greater than common air; and fince common ir by its elaſ- 
ticity exerts a preſſute on any given ſurface equal to the weight 
of the incumbent atmoſphere with which it is in equilibrio, 
the preſſure exerted by fired powder before it has dilated it- 
ſelf, is ooo times greater than the prefſure of the atmoſ- 
phere. Now in order to folve the problem, the two follow- 
ing principles muſt be aſlumed. | 


I. That 
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I. That as foon as the bullet is got out of the piece, the Fic, 
action of the powder on the bullet ceaſes. 

II. That all the powder of the charge is fired, and con- 
verted into an elaſtic fluid, before the bullet is ſenſibly moved 


from its Theſe being 
Let AB be _—_ 


the axis of any piece of artillery, A the breech, g. 
a DC the diameter of the bore, DE GC a 


part of the cavity filled with 

Let AF ga, AM=zx, AB=6, and v=velocity of the ball 
at M. s= 1675 feet, c 3. 1416, L diameti r of the bore, or 
of the ball, in inches, w=weight of the ball in pounds ; 


then fince by experiments the preſſure of the atmoſphere upon 


+: e HOOD force of the powder at 


M; now Schol. p. 13, of Mr. Emerſon's Mechanics, v v 
& Fx, and in a falling body the velocities generated are as the 
times, or as ſpaces uniformly deſcribed in theſe times; there- 
fore ſ velocity) : : 4 —=velocity ge- 
AHD 1 
fore in the caſe of a falling body, f 


v, F, and in caſe of the ball, writing 2 


4x 
general proportion (v d & F #) it will 2 2: 
— fore 5 = . r eee 


* log. x. But in F, x=a@; and corrected it 


—— "I 


— 


= "a* 
And when x=b, v =v =, _— veloci- 
ty of the ball at the mouth of the cannon. 


U PRO. 
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\ PROBLEM XXXIX. 


FiG. Suppoſe the umform force gravity to tend where 
+54 Suppoſe ta the — A ren VB, t ———_ the 2 
P B, wyich @ prijeftile de, ibes in an uniform medium, which 
refileth in any multiplicate rates F the velocity? 


This being a very intricate problem, I ſhall not trouble 
the reader with the fluxionary proceſs, as it is already done 
in Vol. II. of my Miſcellanea Curioſa Mathematica, but 
only lay down the following corollaries, which are deduced 
from a tedious calculation in fluxions. 

Car. 1. If the refiftance of the medium be ſmall, as is 
commonly experienced by an iron cannon ball proj 
through the air with 2 ſufficient velocity, the curve V PB 
whicn the ball deſcribes in a reſiſting medium, does not dif- 
fer much from the conic parabola VDI, which it would de- 
ſcribe by the ſame uniform torce of gravity g or 1, acting on 
it. Yet becauſe the reſiſtance diminiſhes the velocity ot the 
projection, CP the ordinate to the curve V PB, in are- 
ſiſt ing medium, will be ſomething ieis than Cp the ordinate 
to the curve V þ b of the conic parabola. 

Put the abſciſſa VC=z, ordinate CP=y, ordinate C p= 
amplitude VB=5, then CH-. But by the property 
of the parabola, the tectangle under the abiciſſas VC and 
Cb, is equal to the reQtangle of the ordinate Cp into ſome 
given quantity, ſuppoſe m; that is V CxC bor M- 


zm, conſequently n====; therefore when the ordi- 
nate CP or y is a little leſs than C þ or z, we may put 5 


bx = —ex*; then this equation in which eis ſmall, will 


mn a 
expreſs the nature of the curve VPB very nearly. Put b and 
« for 2 and — reſpeꝗively. then the equation to the cure 
becomes y=bx—coaxx—ex*, Now to determine the coeffici- 
ents 5, c, and e, take the fit {t, ſecond, and third fluxions of 
the equation, &c. and make 7 conſtant, whence we bare 
4 : :: 1:63 and when C coincides with V, it will be x: 
5 : : rad, VQ: tangent Qs of the angle of projection TVQ; 
wherefore if radius = 1, & will be the tangent of the angle 
of projection ot elevation, and therefore when this angle i 
gwen, 


OO 0 ©@ &@ — was * + ww j, 2 = © 4 4s « Ss 


* LAG — = —_— 


[ 
7 
; 
: 
3 
, 


4. altitude from 


which a body is proj from V, 
which a body in falling by the conftant 


4 
þ is the of the angle of projection, and rad. = 1. 
Therefore when band f ar- given, will be given; conſequent. 


.A. now for cand e in 
3 

the aſſumed equation to the curve, put their values juſt now 
found, then the quation y=bx—cx* —ex*, becomes y=bx 


n os the citate from which 


= 124 | 

2 * the conſtant force of gravity acting on it, would 
fall in a non-refifting medium, to acquire the greateſt velo- 
ty. Likewiſe @ may be found by experiment. For if a 
body be projected from V under a given angle TVB, with 
a given velocity in a ſuppoſed medium, and VB the ampli- 
tude of projection be obſerved, which lat be denoted by A, 
then in the equation to the curve VH, inftead of * pur A, 
and for y put o, becauſe the ordiraic CP or y vaniſhes in B, 

I 7 * Az 

then „A- aa — A“, whence 4 = 
| : 4+/ 1 
— — 

12f b—1+6% 3A 


Cor. 2. To find the amplitude VB, makey= e, then 


WT 4 23 = & wow te angie VBor 
127 47 


Iv W ., qe 12 b 

= — — — — — — 

f n = eU 
Car. 3. To find D G, the greateſt altitude of projection; 
take the fuxion of the equation to the curve V PB. and 

make j = , &c. VDaers = = —= 
4 0, , Thea 7 
4 aa 44 } 5 ing ſubſti 7 
11% 17% which 5 8 8 
b 2 


* 
1 , 
— =_— — 
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the equation to the curve, you will obtain y a maximum, or 
DG tor the greateſt altitude of projection. 

Cor. 4. To determine 6, the tangent of the angle TVB, 
under which a body projected with a given velocity, ſhall 
paſs through the given point P. Inſtead of x and y in the 
equation to the curve, put the given quantities VC =p, and 
CP=9; then the equation becomes g=bp— pp = 
1+6.1 


. If the denſity of the medium be infinitely ſmall, 
ay 


a will be infinite, and therefore q=bp e, the value 


4 
of b the tangent may be found by this equation, which let be 
denoted by u, then in the above equation, put : +2 4/1 + mn 
124 
which being but af two di will eaſily give the va- 
lue of b, very nearly, 

Cor. 5. Given the velocity of the projection, to find the 
angle of elevation, ſo that the piece may throw a ball the 
farth-ft diitance poſſible. If in the equation Cor. 2, in which 
x denores any ampli ude VB, the tangent þ be made vari- 
able, and be fluxions taken, and putting æ ge, &c. then 
47 1 +200 =3abxi—bby/1+0b; but ſince the tan- 
gent of the angie of elevation is b, rad. , then \/1+66 
is the ſecant ; put 5=iine of the angle of elevation for the 


greateſt random, then by trigonometry /1+#6:65b::1:5, 
then 1+8565:6b6b::1*: 55, and dividing, 1:b6b:: 1—$5 


: 55, whence b =————; now inſtead of h ſubſtitute 
1—$s 
——— in the equation now found, and as we ſhall have 
1—$s 
1 i 1— 255 7 
* =J45X ——>, that Xi—Psl = Jas 


1 —S5 
X 1 — 255, from which equation s the fine of the required 
angle will be had. Or s may be found by approximation. 
In the above equation put 34 3 T, for if the curve 
were-deſcribed in a non teſiſting medium, the angle TVB 
would be half a right one, or 45 degrees, and therefore its 
ſine = v4, rad. =1. And theieiore in a medium very rare, 
$18 


b 
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s is reh, conſequently the equation will be 4 f x 
zu = 2 x 32% I, which will be eaſily ſolved like an 
equation of two dimenſions, and hence 5 is found ſomething 
leis than „k, and conſequently the angle of elevation to 
the random in a reſiſting medium, as the air, is fome- 
thing leſs than the elevation of 45 degrees. 


Cor. 6. If the medium be ſomething more denſe, the equa- 
tion to the curve muſt be aluncd y=bo—I3* x — 


47 
.nl foe 23532 
127 
and e for 


= then the equation is — 
lr, taking the firſt, ſecond, and third ie and making 
x conſtant at Cor. 1, we get e 333 and þ 
— TA 3⁴ 12 
, whence the aſſumed equation will be 
48 96 
828 1 50 1701 h * 5 


- — —ͤ— iñ — x 
11 484 90 

Cor. 7. If the reſiſtance of the uniform medium be 
poſed partly conſtant, and partly proportional to the ſquare 
cf the velocity, the curve V PB may be defined very nearly; 
for if the whole reſiſtance be ima'l, the equation to the curve 
VPB may be ſuppoſed to be yggr - - Where b the 
tangent of the angle of elevation is found as in Car. 1, rad. 
, and f altitude from which a body in fall- 
ing, by the conſtant force oſ gravity acting on it, in a non- 
reſiſting medium, acquires the velocity of the projection: 
whence = above = — 2 en . 


— 


* 
41+ 
124 


, conſequently the aſſumed equation becomes y = 


23 * 
R 
47 12 2 
be determined from phenomena, as Cor. 1. above. 


The 
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The above Corollaries are the reſults of a 
——_— — for finding the 5 
cannon balls proj in az medium, as the air 
1 11 
can be of no uſe at all in practical gunne 
tions fully evince how uſeleſs 
and how perp'ex the deſcription of the curve is; fo that it 
can ſcarcely be accommodated to any uſe whatever. 


DOE ING 
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